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Methodologies for improving the quality of meat, health status of animals and 
impact on environment 

All patent and non-patent references cited in the present application are hereby 
incorporated by reference in their entirety. 

Field of invention 

The present invention relates to methods and compositions for improving the quality 
of meat, to methods and compositions for preventing or reducing n>ale animal taint 
primarily boar taint caused by skatole and/or androstenone. The invention also 
relates to methods for improving the health status of animals and to methods for 
reducing animal caused odours in general. 

Background of invention 

Boar taint 

Boar taint is a large problem in agriculture. The phenomenon referred to as "boar 
taint" is an ill-defined complex problem from a causal mechanistic standpoint that is 
characterised in pork meat by off-odours and flavours from a human sensory 
• perspective. In addition, the live animals that lead to boar taint in meat also impart 
highly unacceptable off-odours to their environmental surroundings. 

Although the term M boar taint" implies that the problem is restricted to boars 
(sexually mature male pigs), the problem is by no means exclusive to such animals. 
Male pigs In general and to a lesser extent female and castrated male pigs also 
exhibit the phenomena associated with boar taint or pig oft odour. In addition, the 
negative effects of bore taint increase with the increasing age of the animals. 

Boar taint is generally believed to be caused by at least two contributing factors, 
skatole and androstenone (Bonneau et al. f 2000; Dijksterhuis el al., 2000). Skatole 
is formed by microbial breakdown of tryptophane in the gastrointestinal tract of pigs, 
in particular in the colon and in the caecum. Androstenone is synthesised in the 
testicles. Both compounds are metabolised in the liver. Some boars have a lower 
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rate of meteoolism in the liver and consequently these animate result in meat that 
contains boar taint to a higher extent than the average pig. 

The phenomena associated with boar taint and/or pig off-odour is several. First and 
foremost the odour and fiavour of pork meat is affected negatively in particuiar due 
to the presence of skatole and/or androstenone over certain levels. The odour and 
flavour may be affected to such an extent that the meat is not acceptabie for human 
consumpfon. in addition, iive (fattening, pigs are associated with an unpleasant 
odour caused by volatile microbiai metabolites in their excreta. The unpleasant 
odours mainly stem from microbial produced volatiles in liquid manure (mixture of 
faeces and urine). Two important volatile components of liquid manure are p-Cresol 
and skatole p.us ammonia. The net result of this aspect of the pig off^dour 
Phenomena constitutes an environmental problem in terms of publicly unacceptable 
negatve odours imparted to the surroundings of large pig farms (Hartung ft Rokioki. 
1984 H,dalca et a... 1986; Sutton et a.., 1999). Ammonium evaporates as NH3 and 

T™ZT Tr" 16 "" ^ * nllr096n 10 ,eSS ^""Pounds during 

passage through the gastrointestinal tract would thus be desirable. 

Danish (and other) slaughterhouses have set thresholds for the allowable amount of 

belt 2 T ma,S P19S ^ ^ " m * t0dBy 18 0 25 PPm * in the 

backfat of entire male pigs. ,n the past, the limit was set to 0.20 ppm and with this 

nmrt approx.mate^ 8 % of all male pigs had to be discarded." With the present .eve. 

of 0.25 ppm approximately 5 % of all male pigs are discarded as boar tainted meat. 

The meat is then used in sausage manufacture in association with boar taint free 

meat, such that the negative boar taint odours and flavours are masked and thus 

am not a problem in human acceptability terms any longer especially when eaten 
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entire ma.e P ,gs at concentrations of as low as 0.15 Ppm and maybe has negative 
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effects at even lower levels when In combination with higher concentrations of 
androstenone and other negative odorous compounds. Reducing the concentration 
of skatole below 0.15 ppm to as close to zero as possible will result in elevated 
quality of all pork meat from a human sensory perspective and consequently allow 
higher prices to be obtained for pork meat per se. In addition, the on-farm pig odour 
problems will also be reduced substantially with great benefit to the public. 

Existing methods for boar taint control 

Methods for boar taint control comprise castration of male pigs and feeding with 
inulin and fructooligosaccharides. 

Castration of male pigs 

The phenomena of boar taint associated negative effects has been addressed in the 
state of the art. The most common preventive measure is to castrate male pigs 
either physically through removal of the testicles during the first week of the male 
pig's life, or chemically through immunovaccination {Bonneau and Carelii 1987) 
immunological castration of male pigs with a synthetic aqueous vaccine is possible 
(Dunshea Et al., 2001). Immunization of pigs against gonadotropin releasing factor 
(GnRF) prevents boar taint and affects boar growth and behaviour (Metz et al 
2002). Overall, today the costs of immunovaccination are prohibitively high' 
Furthermore, it is only allowed by authorities in a few countries (USA, Australia) due 
to welfare problems, and thus not a realistic alternative in other countries. 

Physical castration is commonly earned out by the farmer without sedation or 
anaesthetics. The consequences of this include in some cases infections of the 
wounds with resulting costs for treating the higher level of infections in the stock 
Moreover, physical castration is carried out rapidly and the efficiency is not always 
100 %. 

Castration reduces the boar taint problems of skatole and androstenone in the meat 
and fat, but it does not eliminate the negative effects. Furthermore, castration does 
not address the problem of elevated p-Cresol and skatole levels and live pig off- 
odour problems (stable and manure offensive-odour) found in all pig stables with 
especially fattening pigs. 
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It is expected that mass castration of piglets will be forbidden in the near future for 
reasons.of animal welfare at least In the EU area. In Norway such castration is 
forbidden from 2009. In the interim period, authorised veterinarians can only perform 
castration. Castration by' veterinarians makes the costs prohibitively high for 
industrial scale pig farming. 

Inulin and I ructooligosaccharides (FOS) 

It is known that the production of skatole from tryptophan in the intestine can be 
reduced by feeding pigs with inulin (Claus. 1992; Claus .1994) and 
fnjctooligosaccharides, FOS, (see e.g. Jensen & Jensen, 1998; Knarreborg et a!., 
2002; Xu et al, 2002). However, to date a sufficient efficiency in reducing boar-taint 
remains to be demonstrated for these compounds. In for example Claus (1992), DE 
42 23 051 it was demonstrated that the skatole content of backfat could be reduced 
only by 55% by feeding 140 kg pigs 2x35 g of inulin (from Dahlia tubers) daily. 

Live pig odour reduction 

The malodorous volatile compounds emitted from pig production units are an 
increasing problem in areas with intensive animal production. Several strategies for 
reduction of emission of odour have been tried e.g. (I) Biofiltens, (II) Continuous 
aerobic treatment, (Mi) using oil and foam layers, (IV) additives to manure (e.g. 
acids), and (V) feed or change of feed composition. Although some improvement in 
ambient air quality has been obtained by these methods, none of them have found 
widespread use in practical conditions. 

The solution for odour reduction should both be economically feasible and fit into the 
production systems without major investments. In addition the quality of the resulting 
meat product should remain at the same level, ideally with an increased product 
quality. 



The most efficient solution would be to stop the production of malodorous 
compounds before- the compounds end up in the manure. i.e. in the pig itself. This 
should be achieved with a suitable feed composition, which changes the spectrum 
of produced odorous compounds so the odour impression is changed to a less 
disagreeable composition. The need for investment in mechanical deodorising 
equipment in connection with the stable can therefore be omitted. 
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The odour active compounds originate from microbial degradation of residual feed 
components in the manure. The odour compounds can be divided in two groups 
depending on their origin: (I) compounds from fermentation of carbohydrates, and 
5 (II) compounds originating from fermentation of proteins. Degradation compounds 
from fermentable carbohydrates are usually short chain fatty acids (acetic acid, 
propionic acid, butyric acid and valeric acid) and short chain alcohols. The 
degradation products from proteins are a more complex mixture. They are branched 
short chain fatty acids (isobutyric acid), indoles (skatole and indole), phenols (p- 

1 0 cresol) and sulfur compounds (hydrogen sulfide, dimethyl disulfide). The compounds 
from the last group (protein fermentation products) have more disagreeable odours 
than the first group (carbohydrate fermentation products) and lower odour 
thresholds. This means they have a relatively higher negative impact on the air 
quality. The compounds produced can also be combined with each other e.g. 

15 volatile fatly acids can be combined with alcohols and result in esters which have 
other odour characteristics usually with less offensive odour notes. This process is 
facilitated by esterases, which can be produced by microorganisms. 
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The strategy for changing the composition of the odour active compounds (and 
thereby increase the air quality) would then be to increase the amount of less odour 
offensive compounds (from carbohydrate degradation) at the expense of the more 
odour active compounds (from protein degradation). If the odour active compounds 
also include synthesis of esters the odour quality would be further improved. 

Accordingly there is need in the art for developing methods which are compatible 
with modem industrial scale farming for addressing the problems of taint in animals 
especially laint in male animals, primarily boar taint, including stable malodour. and 
meat taste. 

Control of parasite infections in pigs the state of the art 

Infections with intestinal parasites, including nematodes, are common throughout 
the world (Nansen 4 Roepstorff. 1999) and cause significant economic losses to pig 
producers, as the nematodes may affect the overall growth rate and feed utilisation 
efficiency (e.g. Hale & Stewart. 1979; Hale & Marti. 1984; Hale et al„ 1981. 1985; 
Stewart et al.. 1985). In extreme cases the nematodes may also cause the death of 
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Infected animals (e.g. Jensen & Svensmark. 1996). This problem is particularly sig- 
nificant for the organic pig husbandry, as a goal of organic production is to minimise 
or entirely eliminate the use of medical drugs, including anthelmintics, and because 
nematode occurrence is generally increased in organic animals systems and other 
alternatives to industrial husbandry systems, as these generally offer better condi- 
tions for development and survival of infective parasite stages {deep litter systems, 
outdoor facilities), whereby the animals are. much more exposed to infection 
(Thamsborg & Roepstorff. 2003). 

Furthermore, a long series of controlled experimental infections of pigs with 
Oesophagostomum has demonstrated that diets varying in carbohydrate source and 
In contents of Insoluble fibre (but otherwise very similar) may influence not only the 
fecundity of the nematode females, but also the establishment and survival of the 
• worms. Unfortunately, high contents of fibre and partially undegradable carbohy- 
drates, as found in standard organic swine diets, seem to be favourable for the 
parasites, while parasite unfavourable diets composed of highly degradable carbo- 
hydrates are not normally fed to pigs (Bjern et al.. 1995; Petkevicius et aL, 1997 
1999, 2001). 

There have been many alternative approaches towards new methods for parasite 
control, and one of the more promising is actually the manipulation of dietary com- 
position. Recent data thus demonstrate that it is possible to identify organically rele- 
vant and economically competitive carbohydrate sources with high contents of f ruc- 
tooligosaccharldes, on which the pigs grow well, and that these diets may reduce 
worm numbers and female fecundity of both Oesophagostomum and Trichuris 
markedly (Mejer ef al., unpublished; Thomsen ataL. unpublished). Petkevicius et al. 
(unpublished) found a markedly reduced egg excretion and an almost complete 
elimination of O. dentatum from pigs fed a diet with added inulin. Thus, novel feed- 
. ing strategies that include continuous or periodical supplements of diets rich in fruc- 
toofigosaccharides may contribute to future sustainable nematode control in pigs. 

A pure inulin product has up til! now been an expensive, product" and therefore 
probably not likely to be used as a feed supplement in commercial pig production. 
Though the price may decrease with increased demand In the production units there 
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is also the basis for an alternative product that can be produced at a competitive 
cost. 



. Summary of invention 

The present invention relates to a method for reducing or removing off-odour and 
off-flavour in animals, said method comprising feeding to an entire male, castrate 
male and female animals a chicory root product during at least two days prior to 
slaughtering the animal. Preferably the animal is a domesticated animal, more 
preferable the animal is a pig. 

Feeding animals with chicory root products reduces or removes boar taint in animals 
. and improves the meat quality according to use of the meat as human food. The 
reduction of boar taint is also connected with reducing malodour in the environment 
of the live animals due to offensive-smelling compounds in the mixture of faeces and 
urine of the animals (liquid manure). A chicory root product is a cheap product and 
the effect of the product is more effective and efficient in reducing such taints than 
feeding animals with compounds such as inulin isolated from chicory plants, thus an 
alternative product to pure inulin is chicory roots. Also 'the chicory mot product has 
beneficial effects on the animals, effects which can not be obtained by. pure inulin. 
one of these effects are effect on meat taste. 

In another embodiment the invention relates to a method for reducing the skatole 
content in animals, said method comprising feeding to an animal a chicory root 
product for at least two days prior to slaughtering. 

In a further embodiment the invention relates to a method for reducing the 
androstenone content in meat and fat arid blood said method comprising feeding to 
an animal a chicory root product for at least two days. 

Skatole and androstenone are two of the compounds resulting in boar taint of entire 
male pig meat, and are connected to off-odour and flavours of meat Reducing 
skatole and androstenone content in meat also decreases the amount of animals 
being rejected at slaughter for use in meat cuts. 
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In yet another embodiment the invention relates to a method for improving the 
odour, flavour, taste and aftertaste of meat from a human aenaory acceptability 
perspective, said method comprising feeding to an animal a chicory root product for 
at least two days prior to slaughter. The chicory mot product has an effect on taste 
and aftertaste of meat, which can not be obtained by feeding animals with pure 
inulin. 

In a further embodiment the invention relates to a method for reducing malodour as 
related to the live animals environment said method comprising feeding a chicory 
root product to animals for at least two days. Reducing malodour compounds 
coming from pig stables and manure lead to environmental benefits In relation to the 
public. 
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In another embodiment the invention relates to a method for reducing the amount of 
infections with pathogens of the gastrointestinal tract in a non-human animal, said 
method comprising feeding to a non-human animal a chicory root product for at least 
two days. 

The invention relates to animal welfare by a friendly, humane, low cost and highly 
effective feeding methodology when compared to ail the presently utilised methods 
for boar taint control. 

Brief description of Figures 

Fig. 1. (a) The scores of odorous compounds of raw data from colon contents of 
controlled and chicory-fed pigs, (b) The loadings of the odorous compounds of 
control-fed and chicory-fed pigs. 

Fig- 2.. (a) The scores of low threshold values of odorous compounds from colon 
contents of control-fed and chicory-fed pigs, (b) The loadings of low threshold values 
of the odorous compounds of control-fed and chicory-fed pigs. 

Fig, 3. (a) The scores of high threshold values of odorous compounds from colon 
• contents of control-fed and chicory-fed pigs, (b) The loadings of high threshold 
values of thepdorous compounds of control-fed and chicory-fed pigs. 
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Rg. 4. Mean Oesophagostomum dentatum egg counts (eggs per gram faeces) i 
five groups of eight pigs fed different diets. The first 28 days after infection with 3000 
O. dentatum L3-larvae ail pigs were given concentrate and grass silage. Thereafter 
the concentrate control group was given only concentrate and the long-term chicory 
group had the silage substituted for shredded chicory roots. This was also done for 
the short-term chicory group 28 days before slaughter. 

Rg. 5. Principal Component Analysis (PCA) of sensory profiling data from freshly 
cooked entire male poifc meat samples for each of four feeding treatments, 1). Non- 
Bioactive Control, 2). Silage, 3). Chicory, and A). Chicory/Silage. 

Definitions: 

15 A chicory root product By a chicory root product is intended first and foremost the 
complete chicory roots. Also fractions of chicory root are included. Also 
encompassed by the present invention are processed products thereof, e.g. pulp, 
flakes, powder, flour, dried pulp, dried flakes, dried tubere, silage, enzymatically 
processed products, microbiologically processed products. 

20 - 

A chicory root extract An extract made from chicory roots, wherein the extract 
comprises an inulin and/or FOS fraction as wen as a low molecular weight fraction 
Low molecular weight compounds are compounds below 2000 Dalton. Preferably 
the extract comprises the coumarins i.e. esculetin, sesquiterpenes, terpene, 
25 phytosterol, polyamine and flavonoid. 

A pig: An animal belonging to the group of animals characterised by the Latin name 
Sus scrofa. 

30 Bitter chicory: By bitter chicory is to be understood chicory with a bitter taste. Bitter 
chicory need not be different from chicory or chicory root product. 

Boar taint: Off-odour and/or off-flavour of animal products including meat 
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Domesticated animals: cattle, sheep, goat, pig, horse, donkey, dog, cat. poultry, 
chicken, duck, goose, turkey, steer, mink. 

Pigs can be classified according to age and partly according to weight For the 
. purposes of the present Invention the following classification Is used- 
Suckling piglet cm weeks or until 7 weeks of age (until weaning) 
Weaned pigs: 4-8 weeks of age 
Growing pigs: above 8 weeks. 

Ttollokg) 0ten relerred 10 ^ POrk0rS {5 °" 6 ° ^ m * h * TS ° r fattenefS (b0th 

Chicory: By a Chicory plant is intended any species, subspecies or variety, which fe 

a member of the Genus Cichorium L. belonging to the Compositae. Some botanists 

Place the Cichorium family in the Asteraceae. Known species include at least 

Cichorium alatum Hochst & Steud.ex DC. 

Cichorium ambiguum Schuh. 

Cichorium aposeris E.hLLKrause 

Cichorium amoseris EH.LKrause 

Cichorium balearicum Porta 

Cichorium barbatum E.H.L.Krause 

Cichorium bottae Daflers 

Cichorium bottae Deflers 

Cichorium byzantinum Clem. 

Cichorium caeruleum Gilib. 
Cichorium callosum Pomel 
Cichorium calvum Sch.Bip. 
Cichorium casnia C.B.Clarke 
Cichorium cicorea Durn. 
Cichorium commune Pall. 
Cichorium cosnia Buch.-Ham. 
Cichorium crispum Mill. 
Cichorium dichotomum Unk 
Cichorium divaricatum Heldr.ex Nym. 
Cichorium divaricatum Schousb 
Cichorium dubium E.H.L.Krause 
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Cichorium endivia Unn. 

Cichorium endivia subsp. divartcatum (Schousboe) P.aSBll 

Cichorium endivia subsp. pumllum (Jacq.) C Jeffrey 

Cichorium esculentum Salisb. 

Cichorium glabratum PresI 

Cichorium glandulosum Boiss. & Huet 

Cichorium glaucum Hoffmgg. & Link 

Cichorium hirsutum Gran. 

Cichorium Intybus convar. foliosum (Hegi) J.Holub 
Cichorium intybus convar. radicosum (Alef.) J.Holub 
Cichorium intybus forma alba Farw. 
Cichorium intybus forma rubicunda Farw. 
Cichorium intybus L. 
Cichorium intybus Unn. 

Cichorium intybus subsp. glabratum (C.PresI) G.Wagente & LLBedarff * . 

Cichorium minimum Portenschl. 

Cichorium nanum PortenschLex Nym. 

Cichorium noeanum Botes. 

Cichorium officinale GualdensLex Ledeb. 

Cichorium perenne Stokes 

Cichorium polystachyum Pome! 

Cichorium pumiium Jacq. 

Cichorium rhagadiolus E.H.LKrause 

Cichorium rigidum Salisb. 

Cichorium spinosum Linn. 

Cichorium sylvestre Garsault 

Cichorium sylvestre Lam. 



A commonly used agricultural variety of Cichorium is: 
Cichorium intybus L. var. Orchies 

Plant varieties of Cicorium for which Plant variety protection has been granted or is 
about to be granted at the Community Plant Variety Office, Angers, France 
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Detailed description of the invention 
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The present invention relates to a method for reducing taint in animals, said method 
comprising feeding to an animal a chicory root product during at least one day 
preferably at least two days prior to slaughtering the animal. The taint is connected 
to malodour in places where animals are living especially in indoor locations e g in 
stables, other houses or hiding-places for pigs. The taint is also connected to off- 
odour and flavour in meat from a human sensory perspective. 

By using the wording 'reducing taint in animals' it is not meant to limit the reduction 
of taint to the inside of the animals e.g. In all lood related items contained in the 
animal in particular the meat, also the stables and outdoor areas where animals are 
living are intended to be included as well as the manure/slurry kept in tanks and 
spread on the soil. In general the reduction of taint in the environment of animals Is 
included. 
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Feeding the animals with the chicory root product reduces taint in animate, males as 
well as females. Surprisingly the effect of the chicory root product on sketole in 
backfat ,s higher than expected when comparing to results of an experiment using 
purified inulin (Ciaus, 1992 & 1994). 

Feeding male and female animate with chicory root product reduces the off odour 
and off flavour of the meat and hereby increases the human sensory enjoyment in 
eating.the untainted meat The reduction of off odour and off flavour also reduces 
the amount of animals that are being degraded as boar tainted meat discharged due 
to unsuitabfflty to be used directly as a human food. 

Furthermore, castration of the animate can be avoided, which increase the animal 
welfare due to avoiding the pain male animals are subjected to at the time of 
castraton. The chicory root product is a cheap alternative to castration especially in 
countnes where authorised veterinarians perform the castration. 

Feeding time 

The chicory root product can be produced from plants of one or more of the species 
genus or plant families mentioned above. This chicory root product is fed to the 
animal for at least 1 day, such as at least 2 days, such as at least 3 days, such as at 
least 4 days, such as at least 5 days, such as at least 6 days, such as at least one 
week, for example at least 1 .5 weeks, such as at least 2 weeks, preferably at least 3 
weeks, such as at least 4 weeks, for exampfe at least 5 weeks, such as at least 6 
weeks, for example at least 7 weeks, such as at least 8 weeks, for example at least 
9 weeks, such as at least 10 weeks, for example at least 15 weeks, such as at least 
20 weeks. 

Feeding animals with the chicory root product within a short period just prior to 
slaughtering reduces the amount of chicory root product to be used, simultaneously 
wrth reducing taint of the meat of the animal. Feeding animals with the chicory root 
product within a long period prior to slaughtering generally reduces taint of the meat 
andmaJodour of the stables or living place of the animal as well as the parasite load 
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To reduce taint in the animal the chicory root product is fed to the animal • 
substantially until slaughter. The initiation of the feeding by the chicory root product 
can be at any time during the life of the animal. The amount of chicory root product 
per kg animal eaten by said animal may vary during the life of the animal or during 
5 the year due to the need of the chicory root product or due to fluctuation in the 
• quality of the feed, where the quality can be of the chicory plants or the other feed 
components. 
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In the period where the animal is fed by the chicory root product as outlined 
elsewhere, 1he chicory root product is fed to the animal daily. The frequency of daily 
feeding may vary from one portion which is eaten up by the animal within a short 
period or the animal can have admission to the chicory root product ail'day long, 
preferred is that the chicory root product is fed to the animal several times dally,' 
such as 2 times, 3 times, 4 times. 5 times, or more than 5 times. 
The chicory root product can be fed to the animals every day, every second day 
every third day. every fourth day, every fifth day. every sixth day or one a week! 
Preferred is when the animals are fed by the chicory product every day. 

The animals may also be allowed to crop an area with growing chicory plants, 
hereby the animals can eat the leaves of the plants and/or eat the roots by first 
digging up or drawing up the plants and/or roots. 

The animate may also crop an area where chicory plants are harvested. The 
animals can eat the remaining chicory plants or the remaining chicory plant parts 
Remaining plant parts can be due to topping the plants when harvesting, removing 
the roots and leaving the leaf part on the area. Also non-removed roots can be 
eaten by the animal. 

Feed ration 

The chicory root product can constitute a part of the daily feed ration, preferably the 
ch,cory root product part of the ration of the animal Is at least 5 % on a daily energy 
bas*. Also preferred is when the chicory root product part of the ration of the animal 
is at least 10% on a daily energy basis. 
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Further when feeding wfth the chicory root product the ration based on a daily ' 
energy basis can be that the chicory root product pan comprises at .east , 5 % of the 

^Tn7T ferab,y ^ ^ mo ^^ - ^t 25 o /o , more-preferabty 
a, east 30 %, for example at least 35%, such as at .east 40%, for axampia at least 
50/o, such as at .east 60%, for example at .east 7 5 o /e , such as at leasl ^ for 
example substantially 100%. 

The chicory root product does not seem to result in a reduction in the growth rate of 

10 2 T^'' ,UrthSmi0re ** animalS *> n0t Sh0W of av <*«"9 —no the 

10 chicory root product 

^Lt.^ r r uct is a prote ' m " free ° r substantia,,y protein - f - ■»■*-■ 

- tZ n? b «T- an ' maJS ^ ^ ,he ChiCOr V root product, the animals 
15 " 11 ^ ^ add^,k,na, Protein P^uct to obtain the weight of 

13 an animal fed by ordinary feeding products. 

Animals 



20 



In one embedment the animai as described herein may be any higher animals at 
anystage of .,f e , preferable the animals is domesticated animais and more preferred 
*i when the animal is a ruminant, such as cow. sheep, goat, buffalo, deer, cattie, 
antelope. . 
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in another preferred embodiment .he enlma. is a monogasMc epectes. such as 

dT^T" *Y** "*■ FWtt ** > K " m 0 fe — •» ™nog*s«c speeies is a 
P^. Yet further preferred is when the pig Is an entire male pig. 

^rr ,he « *« — . one or aevere, days before 

wearm* horn he so» as a part of the ration aa aescrtbed elsewhere. Preterred Is 

*B. more prefers.* aa from SS lo 130 kg. which is the weigh, of fattens* at 
s^hredng. Pigs „, su agee can be feed w«h ft. ohioor, reo, JZ^ZZ t 
au^p^ 0,0.4 weeks o, age «or«, ^ weaned £2V£Z 

porkere (50-60 kg,, flrtisbere or .arteners (both up to ,30 kg, The pigs can he feeo 
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with the chicory root product when the pigs are ranging, in weight from 4 to 350 kg, 
such.as 5 to 150 kg, e.g. such as 5 to 30 kg. further such as 30 to 50 kg, such as 50 
to 80 kg, such as 80 to 110 kg, such as 110 to 140 kg, such as 140 to 170 kg, such 
as 1 70 to 200 kg. such as 200 to 275 kg, such as 275 to 350 kg 

5 

The animals fed by' the chicory root product of the invention may live in organic or 
non-organic production systems. The animals may be in a stable ail day or have 
access to outdoor equipment such as a fence. 

10 Chicory plants 

The chicory root product described herein can be prepared from plants of the family 
Composite, the chicory root product can be produced from plants of one or more 
genus of the family Compositae, preferred is plants from the genus Cichorium. In 
this context chicory is used to describe plants belonging to the genus Cichorium. As 
just mentioned the plants may belong to a single or more genus of family 
Composhae as well as from a single or more species of the genus Cichorium. as 
well as from a single or more varieties of the species Ctchotium Intybus l_ 
Preferably the plants are of the species Cichorium intybus L The genera and 
species referred to are that , mentioned previously. The varieties are any chicory 
variety, which are being cultivated at a time. Preferred are plants of agricultural 
vaneties. More preferred are plants with large roots, most preferred are varieties 
wrth a high biomass yield by area e.g. 60 ton per ha. Further preferred are varieties 
wrth a large inulin content, such as at least 15% inulin on a dry matter basis, e.g. at 
least 20% inulin. such as at least 30% inulin, e.g. at Isast 40% inulin, such as at 
least 50% inulin. for instance at least 60% inulin. such as at least 70% inulin, for 
.nstance at least 80% inulin, such as at least 90% inulin, for instance at least 95% 
inulin. 
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Chicory plants are easy to grow and many agriculture varieties have a high yield 
hereby the chicory root product becomes a cheap product. Furthermore the chicory" 
plants can be handled by equipment used in sugar beet production. 

All parts of the chicory plant can be used to prepare a chicory root product; the 
phrase 'chicory root product' is used to indicate that preferably the main part of the 
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product is prepared from the ^ts of the chicory P .ant S . This root part of the amount 

' ITTl Tl^ d t0 Pr0dUCe ChiCOry "* Pr ° dUCt ™* ™<° ^0 

20% of the total dry weight of chicory plant used, such as more than 30%. such as 

more than 40%, such as more than 50%. such as more than 60%, such as more 

than 70%, such as more than 80%. such as more than 90%, such as substantia.^ 

in the description of the chicory roots e.g. characterisation of the contents of 
compounds these characteristics may be vaiid for portions including entire plants or 
portions only including roots and small parte of the leafs. 

The chicory root product is prepared from chicory plants, wherein the chicory roots 
contain at least 5% inulin, more preferably at .east 10% inulin, more preferably at 
least 15 % inulin, more preferably at least 20 % Inulin, such as at least 25% inuiin 
for example at least 30 % inulin on wet weight basis of the root 

The chicory root product is prepared from chicory plants, wherein the chicory roots 
contam at least 5% FOS. more preferably at least 10% FOS, more preferably at 
least 15 % FOS, more preferably at least 20 % FOS, such as at least 25% FOS for 
example at .east 30 % FOS on wet weight basis of the root FOS is 
frucjooligosaccharides. 

Processed chicory root products 

The chicory root product used according to this invention can be a processed 
chicory root product comprising a silage product of chicory roots, such as a silage 
product of essentially whole chicory roots. 

Silage 

Silage is prepared by anaerobic fermentation this can be in a pit. sflo or other enclo- 
sure or by chemical preservation e.g. by lactic acid, propionic acid, and formaide- 
hyde. The ch.cory plant parts or chicory roots can be ensiled alone meaning without 
other p.ant species or it can be ensiled together with different plant species of forage 
crops such as ryegrass, maize, sorghum, alfaKa, potatoes, beets e.g. sugar beets. 
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The plant material is harvested green and stored as fresh material, enclosed in air- 
proof conditions (pit, or under a plastic or similar covering) and allowed to ferment, 
with most of the soluble sugars converted to low molecular weight volatile fatty ac- 
ids, such as acetic acid. Various additives may be used, either to Increase the con- 
centration of fermentable carbohydrate (molasses), to increase the proportion of 
beneficial bacteria e.g. tactic acid In the ensiled material, or to artificially lower the 
P H of the mixture. Add.tional fermentable carbohydrate may be added as molasses 
Alternatively, enzymes such as xylanases and cellulases may be added to release 
tow molecular weight fermentable substrates from the cell wall polysaccharides 
Synthetic volatile fatty acids e.g. propionic acid may also be added to lower pH. 

The chicory root sflage can also be produced by mixtures of chicory plants and 
straw or by adding pellets from sugar beet pulp to the chicory plants. Other dried 
products can also be used e.g. potato starch. 

The silage can constitute the chicory root product or the chicory root product can be 
produced from silage and other chicory products described herein. 

Fermented product 



The chicory root product of the invention can be a product wherein the chicory root 
product comprises a fermented product of chicory roots. The fermentation can be 
initiated with fractions of fresh roots, fractions of dried roots and extracts. 

A fermented chicory root product can be obtained by fermentation with bacteria such 
as Bacillus. Acetobacter. etc also yeast can be used to the fermentation process. 
Preferred is fermentation with Lactobacillus casei alactosus, Lactobacillus 
cellobiosus, Leuconostoc cJestranicum, Leuconostoc mesentervids . Streptococcus 
facte. Streptococcus diacelyiactis, Saccharomyces Oorentinus. Methods of 
fermentation of chicory roots are described in US 4,671 ,962. 

Decomposition of chicory roots 

Heating and/or ojying chopped chicory roots may carry out decomposition of the 
chicory roots. Furthermore, the decomposition may be performed by first chopping 
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and grinding the chicory roots into fine pieces, then preparing a slurry of the pieces, 
and enzymatically decomposing the slurry; or alternatively by first chopping the 
chicory roots into fine pieces, then heating and drying them, adding thereto water to ' 
form a slurry, and enzymatically decomposing the slurry. 

5 

If necessary, a further treatment may be conducted by the use of pecUnase and/or 
cellulase; Afterward, an endo-type inulase Is added to the slurry, and the enzymatic 
decomposition Is then performed at a temperature of 40-C to 80»C for 12 to 36 
hours. Preferred is a product in which 50 weight % or more of the solids content 
1 0 comprises the f ructooRgosaccharide (FOS). 

Usable examples of the endo-type insulase include enzymes produced by mold 
fungi such as those of the genus Aspergillus (A n/gerand the like) and those of the 
genus Peniallium (P. trzebinskii and the like), and bacteria such as Bacillus (B cir- 
cular,* and the like). In a preferable case, the endo-type inulase wherein the opti- 
mum temperature is from 30-C to 80*c and the optimum pH is from 4 to 7 is used 
so that the oligosaccharide is effectively produced from the chicory flakes. In the' 
practical enzyme decomposition, it is preferable that the temperature of the enzy- 
matic decomposition is high for the sake of preventing contamination with various 
bactena. Therefore, the enzymatic decomposition is suitably performed at a tern- 
perature of 40- to 80«C. Enzymatic preparation is further described in US 4,971 ,815 



15 



20 



25 



30 



35 



The chicory root product of the invention can be a product, wherein the chicory root 
product comprises flour of chicory root This Invention therefore provides a process ' 
for the preparation of a flour from tubers of chicory or similar inulin-containing plants 
wh.cn process comprises the steps of: (a) macerating the tubers to a homogenate' 
(b) heating the homogenate at a temperature ranging from about 150-C to about 
90*0 for a time ranging, respectively from about 15 seconds to about 10 minutes- (c) 
subjecting the heated homogenate to spray drying in a stream of hot gas; and (d) 
recovenng a flour comprising a mixture of monosaccharides, small oligosaccharides 
and large oligosaccharides. Flour production is further described in US 4,871 ,574. 

The chicory root product of the invention can be a product, wherein the chicory root 
product comprises pulp of chicory root. Suitable pulps include those where some of 
the .nulin has been removed (extracted) to leave a chicory pulp, The present invert 
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tion includes all chicory pulp, which can be obtained from chicory plants, including 
the whole range ot possible fibre and Inulln content. The pulp is preferably obtained 
from at least chicory root material. The chicory pulp may be incorporated Into a 
chicory root product with the same composition as directly produced from the ex- 
traction procedure. Alternatively, the pulp may undergo one or more steps to obtain 
a pulp of a different composition and/or form. For example, the pulp may be dried 
and then ground up to provide a dry product of small particle size, which may be 
used to produce a chicory root product 

The chicory root product of the invention can be a product, wherein the chicory root 
product comprises a dried product of chicory robts, such as a dried product of 
essentially whole chicory roots. The chicory roots or disintegrated chicory roots can 
be dried by any drying method, such as sun dried, dried by heat, dried by air. dried 
by heated air, dried In a heating chamber or freeze dried 

The chicory root product of the invention can be a product, wherein the chicory root 
product is a disintegrated product, such as a powder, flakes, pulp, slices, flour, and 
pellets. The chicory root product can be disintegrated before a possible production 
process or the processed chicory root product can be disintegrated at a stage within 
the processing steps or followed processing. One example of drying of chopped 
chicory roots is at 60°C for 3 days In a heating chamber, which results in 3-4 % 
water content The chicory roots can be homogenised, cut into strips, planed or 
disintegrated in other ways. 

The chicory root product of the invention-can be a product wherein the chicory root 
product comprises fresh chicory roots. By fresh is meant a period of time from the 
chicory plants has been harvested to some months of storage such as 1 month, e.g. 
2 months, such as 3 months, such as 4 months, such as 5 months such as 6 
months, such as 7 months, such as 8 months, such as 9 months, such as 10 
months, such as 11 months, such as 12 months. At the storage period the chicory 
roots can be stored at options where the roots do not ensilage, and/or ferment 
and/or dry. Some of the roots within the storage pile can locally ensilage, ferment or 
dry, which is accepted. One storage option is to collect the chicory roots In heaps or 
piles at conditions preventing silage formation, fermentation or drying. A - certain 
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degree of drying is acceptable, such as loss of 50% of the water content of* the 
freshly harvested chicory roots. 

Fractions of chicory roots 

Trie chicory root product of the . Invention can be a product, wherein the chicory root 
product comprises a fraction and/or an extract of chicory roots. The fraction of the 
chicory root product comprises inulin and oflgofructose and at least one other com- 
pound from the chteory roots.. 

As mentioned elsewhere the chicory root product need not only to be produced from 
chicory roots or parts of chicory plants. To produce a chicory root product fraction 
and/or extract of chicory roots can be added to other feeding components. 

Extract can be produced by extraction of compounds in an aqueous mixture of dis- 
integrated chicory roots and a liquid or in a mixture of different liquids. The disinte- 
grated chicory roots are described above. 

The fraction and/or extract of chicory root preferably comprise inulin and 
oiigofructose fractions and a low molecular weight fraction comprising coumarins 
and/or sesquiterpenes. The fraction and/or extract of chicory root can also comprise 
other secondary metabolites as mentioned below. 

Secondary metabolites 

Secondary metabolites are compounds which are not a part of ihe primary metabo- 
lism of the organism e.g. they are not amino acids, carbohydrates, lipids and nucleic 
acids. The secondary metabolites in chicory can be divided in several chemical 
classes: terpenes, phytosterols, polyamines, coumarins and flavonoids. The content 
of secondary metabolites in a plant can vary according to season, growth conditions 
vanety. anatomical part of the plant, age of the plant and degree of attack of insects 
herbivores or plant diseases e.g. bacteria or fungi. 



Pretemad secondary metabolites of chicory root fractions of the invention 
35 selected from the groups mentioned In the following paragraphs: 



are 
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Terpenes: Sesquiterpene lactones: 8-Deoxylactucin, crepldiaside, lactucln. lactupl- 
crin, crepidraside. 1 1-CM 3-dihydrolachJCin. picriside. sonchuside A. sonchuside C. 
cichoriolide A. clchoriosides A, cichorioside B and cichorioside C 

Phytosterofs: Sitosterol.stigmasterol, and campersterol. 

Coumarines: Esculetln (=aesculetin). esculin (the gluoon of esculetin), clchoriin-6'-p- 
hydroxyphenyl acetate and dchoriin. 

i=lavonoids: Luteolin 7-glucuronide, quercetin . 3-gaiactoside, quercetin 3- 
glucuronide, kaempferol 3-glucoside, kaempferol 3-glucuronide, isorhamnetin 3- 
glucuronide. 

Anthocyanins: Cyanldin 3-O-o-(6-o-malony0-D^lucopyranoside and four def- 
phinidin derivatives. 

Caffeic acid derivatives: Caffeic acid, chicoric acid, and chlorogenic acid. 
Polyamines (biogenic amines): Putrescine. spermidine, spennine. 

Mom preferred is secondary metabolites selected from the groups of terpenes. ' 
coumarines and caffeic acid derivatives. The most preferred secondary metabolites 
from these groups comprises: 

Terpenes: Sesquiterpene lactones: B-Deoxylactucin. crepidiaside?. iactucin. lactupi- 

crin. crepidraside. 1 1-n-13-dihydrolactucin, picriside, sonchuside A, sonchuside C, 

cichoriolide A, cichoriosides A, dchoribside B and cichorioside C. 

Coumarines: Cichoriin-ff-p-hydroxyphenyl acetate. Esculetin (=aesculetin). and es- 
culin. 

Caffeic acid derivatives: Caffeic acid, and chicoric add. 
Sfcatole 

Another aspect of the invention is a method for reducing the skatoie content in 
animals, said method comprising feeding to a animal a chicory root product for at 
least two days prior to.slaughtering. With regard to this aspect, it can be combined 
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with the characteristics described above, especially in condition to feeding of animal 
and production of chicory root product 

By feeding animals with the chicory feed product the skatole content of blood 
plasma is reduced by at least 25%. more preferably at least 40%, more preferably at 
least 50%, more preferably at least 75%, more preferabty at least 80%, more 
preferably at least 90%, more preferably at least 95%. more preferably at least 98%, 
more preferably to substantially 0. Surprisingly the reduction of skatole in the blood 
plasma is greater than expected. 
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It is preferred that the method of feeding animals with chicory root product is one 
wherein the skatole content of blood and/or fat is reduced to below the unacceptable 
human off odour and flavour sensory threshold and maybe even to zero in meat 
produced from the animate, this is of additional importance as skatole functions as 
an enhancer of the sensory off-odour/flavour producer androstenone and maybe 
other off odour/flavour components of unknown origin. 

Preferred is that the skatole content of backfat and/or meat is reduced by at least 
25%, more preferably at least 40%, more preferably at least 50%, more preferably at 
least 75%. more preferably at least 80%, more preferably at least 90%, more 
preferably at least 95%, more preferably at least 98%, more preferably to 
substantially 0. 
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Also preferred is that the skatole content of manure is reduced. Skatole in manure 
can be picked up through the skin when the animals lie in or roll in the manure 
Hansen et aL, 1994). Some animate lie in manure to be cooled in the summer, this 
especially concerns pigs. By this contact between skin and manure the skatole is 
absorbed through the skin and further transported to the blood, fat and meat. In this 
way the skatole content in animals can be too high and influence the meat quality 
e.g. boar taint. Also female and castrated male pigs can obtain a too high content of 
skatole in the blood, fat and meat e.g. by uptake through the skin (Hansen et al. 
1994 & 1995). Reduction of skatole content of backfat and meat of female and 
castrated male pigs are preferred. 
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The chicory root product also has an effect on female and castrated mate animals 
resulting in a reduction of skatole content of blood, fat and meat too. 

Androstenone 

The inventors have surprisingly discovered that the amount of androstenone in the 
blood might be significant lowered by feeding animals with the chicory root product, 
thus another aspect of the Invention is a method for reducing the androstenone 
content in meat and/or fat and/or Wood said method comprising feeding to an animal 
a chicoiy root product for at least two days. 

Preferred is that the androstenone content is reduced by at least 10%, more 
preferably at least 25%, more preferably at least 40%, more preferably at least 50%, 
more preferably at least 75%, more preferably at least 80%, more preferably at least 
90%. more preferably at least 95%, more preferably at least 98%. 

Preferred is that the androstenone content in blood, meat and/or fat is reduced to 
below the human off odour/flavour sensory threshold around 1.0 ppm in backfat 
However, the off odour/flavour sensory threshold is different from one person to 
another. Furthermore the off odour/flavour sensory threshold is unknown when 
skatole concentration is nearly zero. 

It is further preferred that the method as described is used until the animal is 
subsequently slaughtered. 

The aspect of the invention comprising a method for reducing the androstenone 
content in meat, and/or fat and/or blood can be combined with any characteristic of 
animal and chicory root product as described elsewhere herein. 

Sensory characteristics 

Another aspect of the invention is a method for improving the odour, flavour, taste 
and aftertaste of meat from a human sensory perspective in relation, said method 
comprising feeding to an animal a chicory root product for at least two days prior to 
slaughter. 
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The improvement of sensory characteristics comprises reduction of sensory 
characrterisV.es classified as: Piggy/Animaly-odour. MeaVGamey-odour, Cardboard- 
odour, Unseed oil-odour, Sweet-taste. Salt-taste. Pigoy/Animaly-flavour. Cooked 
ham-flavour, Fresh cooked portc meat-flavour. Cardboard-flavour. White pepper- 
flavour. Pork fat-flavour. Uctic/Fresh sour-aftertaste, spicy heat aftertaste. 
Chemical/medicinal-aftertaste. Fatty mouth coating-aftertaste, Unacceptable. 

Also the improvement of sensory characteristics comprises increasing the relative 
levels of the sensory characteristics classified as: Fresh cooked poik meat like- 
odour, Sour-taste, Bitter-taste, Metallic-flavour. Meat/Gamey-flavour. Herby-flavour, 
Spicy-flavour, Lactic/fresh sour-flavour, Astringent-aftertaste, Acceptable. 

Reduction of malodour is of interest in production of animal wherein the animal is a 
ruminant such as cattle, buffalo, sheep, and goat 

Also improving the odour, flavour, taste and aftertaste of meat is of interest in animal 
production where the animal is a monogastric species. 

It is further preferred that the monogastric animal is an animal used for meat such 
as pig. poultry, rabbit, hare, more preferably wherein the monogastric animal is a 

pig. 

The aspect of the invention comprising a method for improving the sensory 
characteristics as defined above in odour, taste and flavour and aftertaste of meat 
from a human sensory perspective can be combined with any characteristic of 
animal and chicory root product as described elsewhere herein. 

Stable malodour 

Another aspect of the invention is a method for reducing malodour. said method 
comprising feeding a chicory root product to animals for at least two days. 

Reduction of malodour can be caused by a relative reduction in skatole and/or p- 
cresole and/or indole in the gastrointestinal tract of the animal. 
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acid 2-methy^ethylester in the gastrointestinal tract of the animal. 

Also reduction of malodour is of interest in animal production where the an.™, • 
monogastric species. uctlon wnere the animal rs a 

" b preferred that the monogastric animal is a furred animal such as mir* f 
muskrat, rabbit, hare, wolf. ' 8U ? h 38 mink . f °x. 

«. k M.M .ha, *. raonogasWc ^ b fln 

- P-a hare . praferaM , wherein „. monogasWc ^* -* 

Reduction of malodour can occur u/ifhi« ^ ... 

Reducing malodour in manure influences both the conHi^ , 
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spread on land or field, malodour .from the slurry tank Is possible, also when 
spreading the manure or slurry on the fields malodour often, occurs. Feeding the 
animal with the chicory root product reduces these malodour problems. 

The aspect of the invention relating to a method for reducing malodour can be 
combined with any characteristic of animal and chicory root product as described 
elsewhere herein. 

Infections 

Another aspect of the invention Is a method for reducing the amount of infections of 
the gastrointestinal tract In a non-human animal, said method comprising feeding to 
a non-human animal a chicory root product for at least two days. 

Reducing infections of animals is an un-expecied effect of the chicory root product, 
and it reduces the need for administering medicines to the animals such as' 
anthelmintics. This is especially important in organic production systems. Both in 
organic and non-organic production systems the use of chicory root product as feed 
win increase animal welfare. The chicory root product is a cheap alternative to the 
medicines. 

Prefened is a method for reducing the amount of infections of the gastrointestinal 
tract, where the infections are parasites. 

Further preferred is a method for reducing the amount of infections of the 
gastrointestinal tract, where the parasites are worms. 

One way of measuring reduction of infections is when the reduction is a reduction of 
the number of eggs in the animal faeces. 

Preferred is reducing the amount of infections where the infections are 
microbiological infections selected from Coli, Salmonella, Campylobacter and 
Yersinia: 
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Further preferred -is reducing the amounl of infections where the infections are 
nematode infections selected from Ascaris suum. Oesophagostomum dentatum. 
Oesophagostomum quadrispinufatum, Oesophagostomum brevicaudum 
Oesophagostomum gmnalensfs. Oesophagostomum georgianum, Hyostmngylus 
rubtdus, Trichuris suis, and Strongyloides rahsomf and Trichinetia sp. 

The aspect of the invention comprising a method for reducing the amount of 
Infections of the gastrointestinal tract in a non-human animal can be combined with 
any characteristic of animal and chicory root product as described elsewhere herein. 

Another aspect of the Invention is the use of chicory roots as a feed product for 
"grown up" (» 7 weeks) pigs. 

The aspect of the invention comprising use of chicory roots as a feed product for 
"grown up- pigs can be combined with any characteristic chicory root product as 
described elsewhere herein. 

Another aspect of the invention is a use of chicory roots for preparing a feed product 
for "grown up" pigs. 

The aspect of the invention comprising use of chicory roots as a feed product for 
"grown up" pigs can be combined with any characteristic chicory root product as 
described elsewhere herein. 

Another aspect of the invention is a use of chicory roots for preparing a product for 
the prevention of boar taint. 



The aspect of the invention comprising use of chicory roots for preparing a product 
for the prevention of boar taint can be combined wtth any characteristic chicory root 
30 product as described elsewhere herein. 

Another aspect of the Invention is a use of chicory roots for preparing a product for 
reductton of skatole content in pigs, in particulaV in boar fat. 
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The aspect of the Invention comprising use of chicory roots for preparing a product 

Z^T: " Skal0,e ^ ^ Pi9S - be «*- with anTl™ 
ch.cory root product as described elsewhere herein. 

Another aspect of the invention is a use of chicory roots for preparing a product for 
reduction of androstenone in pigs. 9 a product for 

f^rr ° f T inVenti0n COmPn ' Sin9 " ° f CWC0f y roote for P-P-ing a product 
for reduction of androstenone in pigs can he combined with any chanJLristic 
ch,cory root product as described elsewhere herein. 

Another aspect of the invention is a use of chicory roots for preparing a product for 
reduction or prevents of gastrointestinal tract infections in pigT 

^e aspect of the invention comprising use of chicory roots tor preparing a product 

coU h " PreVertfon * gaStr ° inte5 ^ al ^ W«« in pigs can be 
coined wth any character^ chioory root product as described elsewhere 



20 Examples 
Example 1 
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expenment is a subset of an experiment, which consisted of 4 treatments each of 
eight pigs. The 32 pigs (1 6 intact male and 16 female pigs) were kept In Otters of 8 
prgs and fed 100 % organic concentrate and semi ad libitum grass silage until 10 
December. From 10 December, the 32 pigs were distributed to the four treatments 
according to litter and sex in individual pens. Treatment ! and 3 were selected for 
the present odour study as they represented the extremes of the treatments (Table 
. 3). Treatment 1 was a (conventional) control group given 100-energy % organic 
concentrate and no roughage from 10 December until slaughter. Composition of the 
omanic concentrate diet during the whole experiment was <g/kg): 145.5 rapeseed 
cake. 240.0 peas organic. 223.0 wheat organic. 220 barley organic. 50 oat organic 
100.0 GMO-free toasted soybeans. 2 Sv.vit-41 1 organic. 3.75 salt. 12 limestone and 
3.63 monocalclum phosphate. The concentrate diet contained 8.57 Mj net energy 
(1.11 feed units (FUp)) and 149.7 g digestible protein per kg food. The 25 % 
blended organic chicory roots on energy basis plus 70 % organic concentrate were 
grven from 10 December until slaughter of treatment 3. 

Finally. 16 male pigs were slaughtered 11th and 16 female pigs 13th February 2002 
for measuring meat and eating quality aa well as parasites. The pigs ate the high 
amount of raw and bitter blended chicory mots without problems after one week of 
adaptation by giving individually increasing amounts of chicory roots during the first 
week. * 

The raw GCMS areas in Table 1 and Figure 1 show that feeding pigs with the inulin 
contarnrng chicory mots the fermentation pattern in the colon is shifted from protein 
fermentation to carbohydrate fermentation. The result is a change in composition of 
odorous compounds from the obnoxious protein fermentation products as parasol 
and skatole to the less offensive esters. The PCA-plot also confirms that the 
fermentation product pattern is wefl separated and mostly controlled by p-cesol and 
butyric acid 
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ITJn^fV^l C ^«nds from the colon In chicory root* 



Treatment 


1 ~ 1 


3 




I/O 


No. of pips 


B 


7 






Food 

components 


100% organic 
concentrate 


70 % oiganlc 
concentrate plus 25 
% chicory roots 


Sinn if Irani 
difference 
between 
treatments 


racianai 
ratio 
between 
treatments 


Compound: 


LSMEAN 


Std.err. 


LSMEAN 


Std.err. 


p -vat us 




Dimothvf6utfide 


B3736 


5827 


48145 


8078 


NS 


1.74 


2-Butanon 


54274 


7681 


59512 


9088 


NS 


0.91 


Acetic acid 


252336 


42504 


286741 


50292 


NS 


0.88 


2-Pentanon 


22742 


7513 


48500 


8889 




D.47 


uimatnyiaisLimde 


132354 




I cog IT 


51 893 


NS 


1.03 


1-Pentanol 




ROTH 




7337 


NS 


0.62 


2- ^ 

Methytpropanoic 

acid 


43571 


9416 


29886 


11141 


NS 


1.46 


Ethylbutyrate 
(ester) 


S026 


28026 


48440 


33161 


NS 


0.10 


Propylpropionat 
e (ester/ 


23718 


40419 


174429 


47824 


n 


0.14 


Cj • lift.* Atfn i . ghS . J 

Duianoic acid 


935596 


118921 


878861 


140710 


NS 


1.06 


2-methyl- 
.ethyl ester 


2663 


T599 


8679 


1832 


* 




Propylbutyrat 
(ester) 


3203 


1145 


7760 


13SS 


• 


0.4? 


3-Methylbutanoic 
acid 


96309 


12822 


84413 


15171 


NS 


1.50 


Dimethyltrisulfide 


7196 


2755 


6252 


3260 


NS 


1.15 


p-Cresol 


347725 


27566 


72516 


32616 




4.6 


Indole 


19943 


2487 


6690 


2942 


n 


3.0 


3-methy|]ndoIe 
= skatole 


25322 


4954 


3740 


5862 




6.8 
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Although the sensory impression of a mixture of odourous compounds is a 
combination of all compounds in the mixture, some of the compounds can have a 
higher impact on the odour impression due to their low threshold values. In addition 
to the threshold values of the odourous compounds the odour quality of the 
compounds should be taken into consideration. The odour quality of a compound 
can change by concentration e.g. skatole has a pleasant flower-like odour at very 
low concentrations whereas the same compound is nauseating at higher 
concentrations. In contrast some groups of compounds have a relatively pleasant 
odour description, even at higher concentrations e.g. esters, which usually have 
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fruity odour notes. By dividing the raw GC-MS data by the odour thresholds of 
selected compounds we try to illustrate the Impact of odours with widely different 
odour thresholds (Table 2 and Figure 2 and 3). As the reported values in the 
literature of odour thresholds can vary widely the Figures 2 and 3 is illustrating, the 
extremes. By incorporating the odour thresholds in the raw data an illustration of the 
impact of sensory impression of the mixture is created, in contrast to the individual 
compounds. In both figure 2 and 3 the chicory fed pigs are more confined than in the 
raw data, in contrast to the control fed pigs, which are more scattered. The chicory 
roots are therefore able to control the production of odorous compounds in the 
colon, and effectively turn the fermentation from protein fermentation to 
carbohydrate fermentation. 



Table 2. Odour descriptor and odour thresholds in air of chemical 
compounds. 





Odour descriptor 


Odour 
threshold air 
mg/m3 Low 


Odour 

threshold air I 
mg/m3 High 


Dimethylsulfide 
(methylthiomethane) 


Cooked vegetable, garlic 
hydrogen sulfide (1) 


0.002 


0,65 


2-Butanon 


Acetone, vamish (1) 


0.75 


250 


Acetic acid " 


Vinegar (1) 


0,025 


76 


2-Pentanon 


Jasmine, Geranium, vamish 
d> 


11 


48 


Dimethyldisuffide " 
(methyidithiomethane) 


Decayed vegetables (3) 


O t 003 


0,029 


1-Pentano! ~~ 


Alcohol, medicinal (1) 


0,1 


1100 


2-Methyipropanoic acid 
(isobutyric acid) 


■ 

Sweaty, bitter, sour (1) 


0,00072 (3) 


0,0072 (3) 


Ethylbutyrate 
(EthylbLrfanoate) 


Butter, sweetish, apple, 
perfumed (1) 


0,13 


0,28 


Propyiprqpionate *~ 
(propylpropanoate) 


Complex fruity odour (apple 
banana) (2) 


3,23 


0,26 


Butyric, acid (butanolc 
acid) 


Buttery, cheeky, sweaty (1) 


3,0004 


d 
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Butanoic acld.2-methyt- 
.ethylester (*) 


• 






Propylbutyrat 


Pineapple, apricot (2) 






3-Mettiylbutanoic . acic 
(isovaleric acid) 


Cheese, sweaty (1> 


0,005 


3 


Dimethyltrisulfide 
(methyJtrithiomethane) 


Fresh onion (2) 


0,0073 


0.0073 


p-Cresol (4-methyi- 
phenol) 


Phenol like (2)* 


0,00005 


0,04 • 


Indole 


Floral (highly pure) otherwise 
fecal (2) 


0.0006 


0,0006 


3-Methylindole 


Fecal (high concentration) 
floral (low concentration) (2) 


0,00035 


0.1 



Gemert+Net 
tenbreijer, 



(1) : Meilgaard, 1975 

(2) : Fenaroirs Handbook of Flavor Ingredients 3. Ed. 
1995 

(3) : Zahn at al. 2001 

(*) Ethyl-2-methy!butyrate is mentioned in Fenaroli's 
but not with odour descriptor. 
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in addition to the reduction, of the odorous compounds, the feeding with chicory 
roots may reduce the production of ammonia. The fermentation of inulin in the 
caecum and colon of pigs results in production of short chain fatty acids. The higher 
amount of short chain fatty acids reduces the pH. This reduction has a positive 
influence on the retention of ammonia in the faeces and manure. This results in an 
improved environment in the stable and in the surroundings (Lenis and Jongbloed, 
1999; Sutton et al. 1999). The ammonia emission is further reduced as the bacteria 
switch from protein-fermentation to carbohydrate fermentation when feeding with 
chicory roots. Furthermore, as the bacteria grow the nitrogen win be used for 
production of proteins in the bacterial biomass and is therefore not available for 
production of ammonia or odorous compounds. 
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It Is not necessary to completely eliminate the presence of odourous compounds in 
the colon of pigs to reduce the odour impact on ambient air quality. The reduction 
should only be sufficient to improve the ambient air quality to an acceptable level. 
The amount of chicory roots necessary for a sufficient reduction of odourous 
compounds in the colon contents of pigs remains therefore to be determined. If the 
amount of chicory roots necessary for sufficient reduction can be reduced the 
method win be more cost effective. In addition to the odour-reducing effects the 
chicory roots have following benefits: Easy to grow in the present agricultural ■ 
systems, can be handled by equipment used for other crops as sugar beets, is in it 
self a valuable feed component, and contain bioactive secondary metabolites (Bais 
and Rayishankar, 2001). 



Table 3.. Experimental design for the final feeding period of the 2 treatments 
feeding with or without the chicory roots for different periods from 55 -120 kg 
live weight (9 weeks). 



Treat- 
ment 


No. of pigs 


Food composition and energy 
level compared to semi ad lib. 
(100 %) (from 55-120 kg) 


Roughage 


1 


8 

4 female + 4 
male 


100 % organic concentrate 


None 


3 


6 

4 female + 4 
male 


70 % Organic concentrate 

+ chicory roots* (25 %) from 55 

kg until slaughter 


Chicory roots 
(2.6-3.0 kg per day) 
from 55 kg until 
slaughter 



Collection of samples and sample preparation 

Immediately after slaughter, the gastrointestinal tract (GIT) was removed and the 
colon and rectum was separated from the rest of the GIT. The contents from colon 
and rectum was quantitatively transferred to a basket and mixed so a representative 
sample could be obtained. The samples were stored at r20°C before preparation for 
analysis. To prepare the samples for analysis 3 gram were transferred to 1 0 ml vials 
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with addition of 3 ml saturated NaCI, the samples were mixed and stored at -80°C 
before analysis. The saturated NaCI was added to Increase the transfer of volatiles 
to the gas phase and to stop further microbial activity in the samples. On the day of 
analysis the samples were transferred to an oven hold at 40°C (approximately the 
body temperature of pigs) arid thawed and equilibrated at this temperature for 25 
minutes with occasional shaking to Increase the transfer of volatiles from the 
medium to the headspace. For extraction a solid phase microextraction (SPME) 
fiber (75 M m polydimBthylslloxane/carboxen. Supelco) was exposed .to the 
headspace for 1 minute and immediately transferred to the injection port of the gas 
chromatograph for desorption. 

GC-MS measurement of volatiles 

The gas chromatograph was a Varian model STAR 3400 CX. The column was a 
HP5-MS (Agilent) 30 m long, 0.25 mm internal diameter and with a 0.25 urn film 
thickness. Injection temperature was set to 250 e C and the column temperature 
program was as follows: Hold, at initial temperature 35°C for 10 minutes, then 
Increase to 130»C with 3°C/minute, finally increase to250°C with a rate of 
40°C/mInute and hold at this temperature for 5.34 minutes. The carrier gas was 
helium with a linear flow rate of .29 cm s" 1 at 35°C, the samples were run one at a 
time to secure the samples were treated in exactly the same way. The temperature 
of the transferee between the gas chromatograph and the mass spectrometer was 
set to 275°C. The mass spectrometer was a Varian model Saturn 2000 operated in 
electron impact mode, with the following settings: detection mass range: 35 to 300 
rrvz; mulitplier voltage: 1800, axial modulation: 4V, trap temperature 200°C; and 
manifold temperature of 52°C. 

Identification 

The compounds .were identified by comparison with standard spectra from 
NIST/EPA/NIH or by comparison with spectra from original standards. 

Statistical analysis 

The statistical analyses were carried out with the Statistical Analysis System version 
8.2 (SAS institute, 1999-2001 by SAS Institute Inc., Gary, NC, USA). The GLM 
procedure was used to calculate the least squares means and standard error of the 
means for the odour Impact compounds from colon. The models included the fixed 
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effect of diet, sex and animal replicate (litter) as well as Interaction between diet and 
sex (model 1). 

Y=p + adia+ bane, + c a «,+ac ( jiors«+ei mr (model 1) 

Y = dimethylsutflde, 2-butanone, acetic acid, 2-pentanone, dimethyWisulflde, 1- 
pentanol, 2-methylpropanoic arid, ethylbutyrate. propylpropionate, butyric acid, 3- 
methylbutanoic acid, propybutyrate. ethyl-2-methyl butenoate ethylester, 
dimethyltrisulfide, p-cresol, indole, and skatole. 

The raw data of the GC-MS areas of the odour compounds as well as values 
corrected for low and high threshold values were analysed by the GLM- model 1 to 
investigate the effect of the two diets. - 

Principal component analysis (PCA) were earned out also using the data of the raw 
GC-MS area, as well as data corrected for low and high odour threshold, to 
investigate the effect of the two diets. Full cross validation (leave one out) was 
applied. Data analysis was carried out with the software The Unscrambler version 
7.8 (Camo AS, Oslo, Norway). 

Results 

Table 1 show the peak mean area of GC-MS analyses of selected odour impact 
compounds found in headspace over the colon samples. The compounds 2- 
pentanone, ethylbutyrate, propylpropionate, butanoic acid, ethyl-2-methylbutyrate, p- 
cresol, indole and skatole show significant difference between the two treatments. 
The esters, which have relatively pleasant odours, are increased in treatment 3 
(factorial difference below, i), whereas the malodorous compounds, pKjresol, indole 
and skatole were decreased in treatment 3 (factorial difference above 1). 

The amounts of odour-active compounds found in colon contents does not give a 
realistic impression of the odour intensity of the mixture as the various compounds 
can have very different odour thresholds and odour descriptors. Table 2 shows 
odour threshold values and odour descriptors of the selected compounds found'in 
colon contents. The relative odour activity of the individual compounds can be 
calculated by dividing the area of the compound with the odour threshold. Thereby 
can a compound, which is present in low amount result in a high odour impact if the 
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odour threshold is low. The relative "odour-activity of the two experimental 
treatments can therefore be compared. It has not been passible to find odour 
threshold values for emyl-2-fnethylbutyrate and propylbutyrate they are therefore 
omitted in the calculations. 

Figure 1 shows the PCA analysis of the dataset from the raw data. Treatment 1 
(control) and treatment 3 (chicory addition) are clearly separated with no overlap 
between the treatments. The first principal component (x-axis) is controlled by p- 
cresol (protein degradation product) whereas the second (y-axis) is controlled by 
butyric acid and propyl propionate which both are degradation products of 
carbohydrate. 



rj/D 



The raw data does not give an impression of the odour of a mixture of volatile 
compounds, as the compounds can have widely different odour thresholds. The raw 
15 data was therefore divided by the odour threshold values found in the literature 
(Gemert and Nettenbreijer. 1977 and Zahn et al. 2001). The values found in the 
literature wary widely, the lowest and highest values have therefore both been 
applied to give an impression of the effect on the potential odour impression. Figure 
2 shows the PCA-anarysis of the raw data divided by the low odour threshold values 
to give odour-activity corrected values. The two treatments are clearly separated 
and the clusters of points are more confined, especially with the pigs given a diet 
containing chicory. The first principal component is controlled by p-cresol whereas 
the second is controlled by butyric acid. 



Figure 3 shows the PCA-analysis of the raw data divided by the high odour 
threshold values. The pigs fed control diet are more dispersed and overlap the 
chicory fed pigs. In contrary to the controls the pigs fed the chicory diet are highly 
confined. The first principal component is in this case controlled by indole (protein 
degradation product) whereas the second is controlled by dimethyl disulfide, 2- 
methyl propanoic acid and to a lesser degree dimethyl trisulfide (all protein 
degradation products). 
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Example 2 

Influence of chicoiy roots on boar taint (skatole and androstenone) in pigs 
Methods 

5 

Animals and feed 

In 2001, an inulin-rich variety Orchies of chicory (Cichorium intybus L var. Orchies) 
for fattening pig diets has been successfully grown at the Research Centre Rugbal- 
legard and in 2002 at Research Centre Fou'lum. The yield of the organically grown 

10 crop was 30 t/ha in 2001 and 40 tma in 2002. In November 2001 , the inuiin content 
(fructan) of the chicory roots of the variety Orchies was around 150 g per kg feed 
and contained 2.11 MJ net energy (0.27 feed units <FUp)) and 23.4 g digestible 
protein per kg feed of chicory roots. The pigs ate the high amount of raw and bitter 
blended chicory roots (from 2.1-3.0 kg par day during the experimental period) with- 

15 out problems after one week of adaptation by giving individually increasing amounts 
of chicory roots during that week. 

The first of two pig experiments began on the 5 m November 2001 . The experiment 
. consisted of 40 pigs (20 entire male and 20 female pigs), all free of parasite infec- 
tions. The 40 pigs were kept in litters and fed 100 energy % organic concentrate 
according to scale (Madsen et ah. 1990) and ad libitum grass silage. Composition of 
the organic concentrate diet during the whole experiment was (g/kg): 145.5 rape- 
seed cake, 240.0 peas organic, 223.0 wheat organic, 220 barley organic. 50 oat 
organic. 100.0 GMO-free toasted soybeans, 2 Sv.vit-411 organic, 3.75 salt, 12 lime- 
stone and 3.63 monocalcium phosphate. The concentrate diet contained 8.57 MJ 
net energy (1.1 1 feed units (Flip)) and 149,7 g digestible protein per kg food. All 40 
pigs were then infected with a specific parasite In the period between the 5* No- 
vember and the 10* December. Eight pigs, four of each sex. were slaughtered on 
the 1 0 th December due to the parasite experiment 
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From the 10* December, the 32 pigs were distributed according to liveweight. litter 
and sex to four treatments in individual pens (Table 4). Treatment 1 was a conven- 
tional control group given lOO-energy % organic concentrate and no roughage from 
the 10* December until slaughter. Treatment 2 was an organic control group given 
95 energy % organic concentrate and ad libitum grass silage from the 10* Decem- 
ber until slaughter. The 25% blended chicory roots on energy bases plus 70% or- 
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ganic concentrate were given to treatment 3 from the 10 th December until slaughter. 
However, the first week the pigs had to adapt to eating chicory roots. Treatment 4 
was given 95 energy % organic concentrate and semi ad libitum roughage from the 
10 th December until the 14 ft January. From the 14 m January until the 21 s * January, 
the pigs increased the intake of chicory roots (adaptation period), and from the 21 81 
January until slaughter of treatment 4. 25% blended chicory roots on energy bases 
plus 70% concentrate were given. Blood samples for measuring androstenone and 
skatole in blood plasma were collected on the 6* and 7 th December and the 4 01 and 
6 th February of male and female pigs - one week before slaughter. Finally, accord- 
ing to the plan, 1 6 male pigs were slaughtered on the 1 1* and 16 female pigs on the 
13 th February 2002 in order to measure skatole in backfat, and a sensoric panel 
evaluated eating quality (see Table 4). After one week of adaptation in which the 
pigs were fed increasing amounts of chicory roots, the pigs ate the high amount of 
raw and bitter blended chicory roots without problems. The health status and pro- 
duction results of the chicory treatments were as good as the control treatments, 
and the daily gain corresponded to the results of treatment 2. The chicory-fed pigs 
ate after the one-week adaptation period 2.1 kg chicory per day from the beginning 
of treatment 3 and finally 3.0 kg per day during the final three weeks of both treat- 
ment 3 and 4. All the planned meat and eating quality measurements have been 
carried out and analysed- Furthermore, several additional measurements, have 
been analysed e.g glycogen, driploss, pH, temperature, Minolta colour values L*. a* 
b* in M. long, dors/ and fatty acids. 
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nSL^J^^JUf "tel design for the final feeding period of the 4 treatments fed 
SJe^Sght (9 weeSS ChiCOry rootS for dHferent from 55-120 kg 



i reac- 
ment 


no- or pigs 


Food composition and energy level 
compared with 100 energy % ac- 
cording to scale (55-120 kq) 


Bioacti ve food 


1 Non 

Bioaciive 
Conirol 


8 

4 females + 
4 males 


100% organic concentrate 


None 


2 

Silage 


8 

4 females + 
4 males 


95% organic concentrate + ad lib. clo- 
ver-grass silage 


Clover-grass silage 
from 55 kg until 
slaughter 


3 

Chicory 


8 

4 females + 
4 males 


70% organic concentrate + chicory 
roots (25%) from 55 kg until slaughter 


Chicory .roots (2. 1 -3.0 
kg per day) from 55 kg 
until slaughter 


4 

Chicory/ 
Silage 


8 

4 females + 
4 males 


95% organic concentrate + ad lib. clo- 
ver-grass silage from 55 kg until 4 
weeks before slaughter 

70% organic concentrate adaptation 
to chicory roots from 4-3 weeks before 
slaughter 

70% organic concentrate + chicory 
roots (25%) the last 3 weeks before 
slaughter 


Clover-grass silage ad 
lib. from 55 kg until 4 
weeks before slaugh- 
ter 

4-3 weeks before 
slaughter, adaptation 
to chicory roots 

chicory roots (25%) 
(3.0 kg per day) 



Statistical analysis 

The statistical analyses were carried out with the Statistical Analysis System Version 
8.2 (SAS Institute, 1999-2001 by SAS Institute Inc.. Cary, NC. USA). The GLM 
procedure was used to calculate the least squares means and standard error of the 
means for the odour Impact compounds from colon. The models included the fixed 
effect of diet, sex and animal replicate (litter) as well as interaction between diet and 
sex (model 1)-. 

Y = u + a <fc , + bij Ba , + Q !BX + ac (S(M ^ Bl + e nor (model 1 ) 

Y = skatole in blood and backfat and androstenone in blood. 

Results 



The effect of feeding 25% chicory roots plus 70% organic concentrate for a long 
(treatment 3) or a short time (treatments 4) on skatole and androstenone in blood 
plasma from Vena jugularis and skatole from backfat. and meat and eating quality 
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have been compared with results of the two control treatments, feeding 100% or- 
ganic concentrate (treatment 1) or 95% organic concentrate plus clover grass silage 
. (treatment 2) (Table 5 to Table 8). 

After one week of adaptation, it was possible to feed 25% minced chicory roots and 
70% concentrate on energy bases without problems during the finishing period from 
55 kg live weight until slaughter around 120 kg. In the final period, the pigs ate 3 kg 
minced chicory roots. Some of the pigs found the chicory so paialable that they ate 
tiie chicory before the concentrate. 

Irrespective of sex and experimental period, all chicory-fed pigs showed skatole 
concentrations in backfat (after 8 and 3 weeks) and skatole concentrations in blood 
plasma (after 7 and 2 weeks) which were not significantly different from zero in a 
statistical GLM analysis in SAS (see Table 5. 6. and 7). A decrease in the 
androstenone level in treatment 3 compared with treatment 1 seems to be 
significant, when the results are corrected by the covariate androstenone in blood 
just before the feeding experiment started. More Importantly, none of the chicory-fed 
male pigs showed androstenone results above the critical limit for off flavour from 
androstenone as opposed to some of the control-fed male pigs in treatments 1 and 
2. which also had skatole concentrations above the off odour limit of 0.20 pg/g in 
backfat (see table 8). 



25 



Table 5. Skatole in backfat ftig/g) according to treatment and sex (Mean and 
Std. Dev.) (Fjern de ikke sign if ikante decimaler) 



Treatment 


Sex 


N 


Mean 


. Std. dev. 


1 


Male 


4 


0.115 


0.04358899 


1 


Female 


4 


0.05 


0.02828427 


2 


Male 


4 


0.1325. 


0.11176612 


2 


Female 


4 • 


0.0375 


0.02217356 


3 


Male 


4 


0.0125 


0.005 


3 


Female 


4 


0.0125 


0.005 


4 


Male 


4 


0.0175 


0.00957427 


4 


Female 


4 


0.01 * 


0.00 
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Table 6. Skatole in baekfat <ug/g) (Ismeans and error) 
Treatment - 



3 
4 



N 



8 



8 



8 



8 



LSMean 



0.0825 



0.085 



0.0125 



0.01375 



Std. error 



0.01473797 



0.01473797 



0.01473797 



0.01473797 



<0001 



<.00Q1 



0.4081 



Table 7. Skatole In blood 1 week before slaughter <ug/l) (i emcns and error) 



Treatment 



N 



_6_ 
_8_ 
B 



LSMean 



1.8225 



2.12875 



0.0825 



0.13 



Std. error 



0.3631 3B39 



0.36313839 



0.36313839 



0.36313839 



Pr> |t| 



0.0001 



<.0001 



0.8230 



10 



male and 16 femate flnSSnTpigs 9 P Performance results in 16 



100% Concentrate 
100% Concentrate 
100% Concentrate 
100% Concentrate 
100% Concentrate 
100% Concentrate 
100% Concentrate 
100% Concentrate 



95% Concentrate 

+G 



BS% Concentrate 



22 13.02,02 



95% Conpflrtrate 
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t3.0e.02 



■» silage 
95% Concentrate 



45 



femato 



102.7 



0.06 



1.4 



45 



13.02.02 



95% Concentrate 
•Kinaqo 



female 



108.2 



0.05 



1.27 



63.0 



56 



14 



11.02.02 



70% Cone. + 25% 
chicory 



11.02.02 



70% Cone + 25% 
chicory 



male 
male 



113 



0.01 



0.19 



134 



0.02 



0.02 



59.1 



57.4 



33 



43 



57 



15 



20 



31 



21 



49 



59 



13 



23 



51 



11.02.02 



70% Cone. + 25% 
ohteory 



mala 



115.4 



0.01 



0.1 



11.02.02 



70% Cone + 25% 
chicory 



112 



0.01 



0.07 



13.02.02 



70% Cone + 25% 
chicory 



female 



113B 



0.01 



0.05 



13.02.02 



70% Cone. + 25% 
chicory 



farnato 



13.02.02 



70% Cone. + 25% 
chicory 



1155 
119.3 



0.01 



0.01 



0.16 



13.02.02 



70% Cone. + 25% 
chicory 



female 



97.8 



0.02 



0.07 



11.02.02 



70% Cone. «• 25% 
chicory 



mala 



108.4 



0.02 



11.02.02 



70% Cone. + 25% 
chicory 



made 



120.3 



0.01 



0.12 



11.02.02 



70% Cone. + 25% 
_ Chicory 



mala 



122.4 



0.03 



0.24 



11.02.02 



70% Cone + 25% 
chicory 



mala 



1163 



0.01 



0.05 



13.02.02 



70% Cone. + 25% 
chicory 



female 



13.02.02 



70% Cone. + 25% 
chicory 



female 



118.7 
133.9 



0.01 



0.11 



0.01 



0.1 



13.02.02 



70%Conc. + 25% 
chicory 



female 



115 



13.02.02 



*) Treatment 4 got 
Treatment 3 got 25 



70% Cone. + 25% 
chicory 



female 



06.1 



0.01 
0.01 



0.24 
0.1 B 



59.8 



59.0 



58.7 



60.4 



60.3 



62.5 



60.2 



59.0 



60.3 



60.1 



59.2 



60.3 



62.3 



25 * chicory roots the last three weeks before slaughter, white" 
% chicory roots the last eight weeks before slaughter. 
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Examples 

The effect of Cichorium Intybus on helminth Infections In pigs 
Animals and infection 

Five groups of eight parasite naive pigs (four intact males and four females) were 
infected with 3000 Oesophagostomum dentatum L3-larvae while all the animals 
were on a diet of restricted concentrate + ad iib grass silage (Table 9). Four weeks 
later, one group (infection control group) was slaughtered to assess if the. worms 
had developed to the adult stage and to estimate worm establishment. The animals 
in the remaining four groups were moved to individual pens and some diets modi- 
fied. Two groups continued on the concentrate + grass silage diet, while the other 
two groups were given either concentrate + shredded chicory roots (long term chic- 
ory group. 9 weeks) (Cichorium intybus C var. Orchies) or only concentrate (con- 
ventional control group). Five weeks later one of the concentrate + grass silage 
groups had the silage changed to chicory (short term chicory group, 4 weeks), the 
second group remained on the concentrate + silage diet (organic control group) to 
the end of the experiment. The surviving pigs were infected a second time with 3000 
O. dentatum and with 3000 Ascaris suum eggs two weeks before slaughter for worm 
recovery. This was done to examine the effect of diet on both established (= 1« in- 
fection, adult worms at slaughter) and establishing (= 2 nd infection, immature worms 
at slaughter) O. dentatum. Only the effect on establishing (immature) A. suum was 
investigated in this study . 

The pigs used in the experiment were conventionally reared, but all experimental 
feeds were organically produced. According to the energy level in the feedstufls 
70% and 25% of the daily energy intake was based on concentrate and chicory 
roots, respectively (T able 9). The total amount of feed given was adjusted according 
to bodyweight once a week. The pigs fed chicory were adapted to the bitter teste of 
the root by Increasing the chicory proportion to the desired 25% during the first week 
of the feeding period. At the beginning of the feeding period the long-term chicory 
group ate 2.1 kg roots and at the end they willingly ate up to 3.0 kg per day. 

During the experiment the animals were weighed regularly and faecal samples were 
collected twice a week for quantification of parasite eggs using a concentration 
McMaster technique (Nansen &' Roepstorff. 1998). Both species of parasite were 
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recovered from the intestinal contents using an agar-gel technique (Slotved et a/., 
1996 41997). 

The data were analysed for an overall difference between groups by the Kruskall 
5 Wallis and tor differences between individual groups by the Mann Whitney test us- 
ing the software GraphPad Prism 3.0. 

Results 

10 At slaughter 4 weeks post infection the infection control group had a mean worm 
burden (±SD) of 846 ± 748. Of these worms only a mean of 6 worms per pig were 
not fully mature. The population of adult and immature O. dentatum resulting from 
the first and second experimental infection, respectively, were easily differentiated in 
all the pigs at the end of the experiment. 

15 

Ten days after the introduction of chicory, the long-term chicory group showed a 
large and rapid reduction in egg excretion compared to the other groups (Figure 4). 
Though increasing slightly, the egg counts remained at a low level during the re- 
maining part of the experiment. Though a decrease in egg production was also seen 
20 in the short-term chicory group, both control groups also showed similar decreases. 
Overall, the egg excretion converged for all four groups towards the termination of 
the study. For the first 2% weeks after the initial diet change the organic control and 
short term chicory group (both fed concentrate and grass silage in this period) had a 
higher egg excretion than the conventional control group. Overall, there were un- 
usually large fluctuations in the egg excretion. All eggs were produced by the adult 
O. (tantalum that established after the first infection dose, as worms derived from 
the second infection dose did not fully mature. 

At the end of the experiment there was no difference (p=0.86) in the populations of 
30 established adult O. dentatum in the four groups (see Table 10). In contrast, com- 
pared to the organic control group, significantly less worms were able to establish in 
the intestine in both the short (p=0.04) and long-term chicory (p=0.002) groups. Only 
the long-term chicory group differed from the conventional control group (p=0.015). 
There was no difference between the conventional and the organic control groups 
35 (p=1.0). In relation to .the organic control group, the population size was reduced 
with 19% and 33% in the short and long-term chicory' groups, respectively. For both 
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the infection and conventional control group there was an unusually large variation 
In the establishment of O. dentatvm. 

Overall, there was a statistical difference between the A suum larval counts (Table 
10) between the groups (p=0.004). This Is primarily due to a significantly smaller 
recovery of A suum In- the long-term chicory group compared to both the conven-r 
tional (p=*0.002) and organic control group (p=0.009). In addition, the short-term 
chicory group was close to being significantly different from the conventional 
(p=0.054) and organic control group (p=0.Q53). No other differences were found. At 
slaughter four out of the eight long term chicory pigs had a total of 10 adult A suum 
(5-15 cm) and one pig in the short term chloory group had 1 A suum (3 cm). All 11 
worms were older than two weeks and thus not derived from the experimental infec- 
tions dose. 

Generally the pigs had varying degrees of diarrhoea In the early part of the experi- 
ment when they were first infected, but production results were satisfactory and 
identical in all groups, the pigs increasing their mean bodyweight from 55 kg to 120 
kg during the experiment. Analysis of the chicory roots showed an inulin content of 
approximately 1 50g/kg fresh root 



WOABEKG A/S 



i*ATENT-OC VAREMJE IQ052 



P738DK01 

49 



Table 9. Diet composition for five groups of pigs. The proportion of feed type 



is given as % of the dally energy requirement per animal. 





Week post first infection 


Group 


-4 — 0 


0-5 


5-9 


inieciion 
control 


100% concentrate 
semi ad fib grass 
silage 






\-/unven- 
tionaP control 
with organic 
concentrate 
minus rough- 
age 


100% concentrate 
semi ad lib grass 
silage 


100% concentrate 


100% concentrate 


Organic con- 
trol 


i 100% concentrate 
semi ad lib grass 
silage 


95 % concentrate 
semi ad lib grass 
silage 


95 % concentrate 
semi ad lib grass 
silage 


Chicory, 
short term 


100% concentrate 
semi ad lib grass 
silage 


95 % concentrate 
semi ad lib grass 
silage 


70 % concentrate 
25 % chicory roots 


Chicory, long 
term 


100% concentrate 
semi ad lib grass 
I silage 


70 % concentrate 
25 % chicory roots 


70 % concentrate 
25 % chicory roots 
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Table 10. Mean worm burden ± SD of O.. dentatum and >L suum In groups of 
pigs fed different diets. The pigs were infected twice with 3000 o. dentatum ' 
LS-Iarvae (11 weeks apart) and once with 2000 A suum eggs. The age of the 
adult O. dentatum populations and the Immature O. dentatum! A. suum popula- 
5 tlons, are 13 and 2 weeks, respectively. 







O. dentatum 


A suum 


Group 


n 


Adult 


Immature 


Immature 


"Conventional* con- 
trol with organic con- 
centrate minus 
roughage 


8 


1043 ±975 


2893 ±597 


1072 ±450 


Organic control 


8 


1281 ±994 


3034 ±479 


1026 ±464 


Short term chicory 


8 


989 ± 379 


2450 ±469 


556 ±302 


Long term chicory 


8 | 810 ±515 


2017±464 


288 ±144 



Example 4 

Sensory profiling of the effects of silage and chicory (bioactive) feeding on 
1 0 boar-taint in cooked pork 

Sensory characteristics 

Analytical chemists engaged in elucidating boar-taint require clearly defined termi- 
nology to describe the sensory characteristics that constitute boar-taint as it is In 

15 essence a sensory based off-flavour phenomenon. The development of such de- 
scriptors with definitions and references by sensory analysis has much potential in 
the further elucidation of sensory boar-taint perception and its level of negative ef- 
fect on consumer acceptability of pork (Bonneau et a!.. 2000; DIJksterhuls et a!., 
2000). Sensory profiling, a method by which a panel uses a developed sensory vo-. 

20 cabulary to describe perceived sensory characteristics in a sample set has been 
utilised in the present research (ISO, 1985; ISO, 1994; Meilgaard, et ah, 1999; 
Byme et a!., 2001b). The resuttant profile Is a perceptual map of the variations in a 
sample type that can be employed alone or in combination with chemi- 
cal/instrumental measurements in the explanation and elucidation of underlying 

25 sensory and chemical relationships. 
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The objectives of the present study were to investigate the sensory variation that 
resulted from the effects of bioactive (silage and chicory) feeding in organically pro- 
duced male cooked pork. Of particular interest was the effect of bioactive feeding on 
the 'off-flavour 1 referred to as boar-taint in the meat To achieve these aims a de- 
scriptive sensory vocabulary was developed with an expert sensory panel and sub- 
sequently the panel were utilised to develop a sensory profile for the meat samples, 
derived from male animals fed various levels of silage and chicory. In the analyses 
of the sensory profiling data a strategy Involving multivariate Principal Component 
Analysis was utilised "to determine precisely how the various feeding treatments 
were described and discriminated from a sensory perspective. 

Meat preparation 

Pork muscles Longissfmus dorsi (LD) were used for a sensory analysis. Batches of 
four muscles each batch from a different animal titter (4 male litterrnates in each) 
was obtained. Each of the four muscles in a batch, were from an animal subjected 
fed one of four treatments prior to slaughter (Table 4 of example 2. although the 
female were not analysed). 

All muscles were stored vacuum packed in darkness at -20°C. Muscles were held at 
4°C for approx. 12 h prior to handling to allow ease of cutting and grinding. Visible 
fat and connective tissues were removed and muscles were cut into cubes (approx. 
3 cm 3 ) and mixed thoroughly. Muscles from a specific treatment were utilised, and 
mixed together thoroughly once cubed. Each treatment batch of muscle cubes was 
ground in a rotary screw mincer (Model X 70, Scharfen GmbH & Co. Maschinenfab- 
rik KG, Germany) through a 4.5 mm plate. The minced samples were shaped into 
patties of 100 g and approx. 1 cm thickness using a commercial pattie maker (i.d. 9 
cm). Plastic packaging film was used in the making of the patties to help maintain 
their shape prior to vacuum bagging. Patties were subsequently removed from their 
plastic film wrapping and vacuum packed in oxygen impermeable plastic laminate 
bags. The vacuum-packed patties were then frozen at -30°C and stored for up to a 
week. 

Prior to heat treatment, all patties were placed in a 25*C water bath until a core 
temperature of between 1B and 20°C had been reached. Subsequently patties were 
removed from their plastic vacuum bags and batch cooked in convection ovens set 
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to 150°C. The ovens utilised were determined to have comparable heating cycles. 
Hie heating/cooking process took a total of 20 min and was carried out as per Byrne 
et al. (1999b). In each oven, a control patties core temperature was monitored 
throughout the heat treatment by a termocouple and data logger (Squirrel Series 
.1000, Grant Instruments Ltd., United Kingdom). The final internal temperature 
reached over ell pattie batches was found to vary between 78 and 82°C. After 
cooking the samples were cooled to 5°C in oxygen impermeable plastic laminate 
bags for a short period (10-15 min) prior to reheating for sensory assessment 



To prepare the samples for descriptive vocabulary development and sensory profil- 
ing, patties were divided into 8 equal triangular pieces, which were then vacuum 
packaged in plastic laminate bags. These were placed in a steel tray filled with water 
at ambient temperature. For reheating the tray was placed in a convection oven at 
140°C for 19 min. The mean" serving temperature of the vacuum packed samples 
15 was65°C. 

Sensory measurements 

Prior to sensory profiling a sensoiy panel (8 persons) participated in the 
development of a sensory vocabulary to describe and discriminate the effects of 
conventional and bioactive feeding on the general flavour and in particular boar-taint 
in the pork meat of the present study (see Byrne et al.. 1999a.b; Byrne et al.. 
2001a). The panel was recruited from the public and students of the Royal 
Veterinary and Agricultural University. Frederiksberg. Denmaric. All sensory work 
was carried out in the sensory laboratory at the University, which fulfils requirements 
according to the international standards (ASTM, 1986; ISO, 1988). 

Panel input, panel leader input, and multivariate statistical analyses were utilised to 
select a set of 24 descriptors plus an acceptability question from initial list of 32 
terms (see Byrne et al., 2001a). Each of the final list of terms was defined by a 
reference material and terms were divided into their mode of sensory assessment 
i.e. odours, tastes, flavours and aftertastes (Table 11). 
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Table 11 

List of 25 sensory descriptive terms with definitions developed for the evalua- 
tion of pork meat, oven cooked at 150°C for 20mln„ derived from male animals 
fed bloactive compounds, gilagg and chicory. 



Term* 
Odour 



1 -figgy/Animaly-o 



Definitions and reference materials 0 



Odour associated with; 



cooked pork containing boar-taint/dilute skatale 
solution 



2-Meal/Gamey-O 



3.Cardboard -O 



cooked game meat/wild boar 



wet cardboard 



4.Fresh cooked pork meat -O 



S.Linseed oil-O 



oven cooked pork meat with on surface browning 



wanned linseed oil/linseed oil based paint 



Taste 



7.Sour-T 



Testa sensation associated with: 
sucrose. 1g/i solution in water 0 



e.Salt-T 



9.Bltter-T 



citric acid (monohydrate) 0.3g/l solution in water 
sodium chloride, 0.5q/l solution in water 



quinine chloride. 0.O5g/I solution in water 



Flavour 

10. Piggy/Anlmaly-F 



Aromatic taste sensation associated with: 



cooked pork containing boar-taint/diluted skatole 
solution 



11. Metallic-F 

12. Meat/Game y-F 



ferrous sulphate, 0.1q/l solution In water 



13. Herbv-F 



cooked game meat/wild boar 



dried mixed herbs 



14. Spicv-F 



15. Cooked Ham-F 

1 6. Fresh cooked pork meat -F 



mixed spices 



cooked ham 



oven cooked pork meat with no surface browning 



17. Cardboard-F 



wet cardboard 



1B> Lactic/Fresh sour -F 



19. White pepper-F 



natural yoghurt 



20. Porkfat-F 



white pepper 



cooked pork fat 



Aftertaste 



Feeling factor in th e oral cavity associated 



21 . Lactic/Fresh sour -AT 



with: 



22. Astringent-AT 



natural yoghurt 

aluminium sulphate 0.02g/l solution in water 



23. Spicv/heat-AT 



mild warming effect of s pices 



24. Chemical medicinal 



25. Fatty mouth coatinq-AT 



cough syrup 



28. Acceptibtlity 



a residual coating of fat after sample assessment 



<s. , , -—« * ■ how acceptable do y o u find the sample? 

fiZ^^^f^^^ 55 ° f P-etlists: Odour, -F . 

^*^W*6 nS ^ 9/1 ^ d?ViSGd 10 eRSUre pane,,is1s ' °° uW recognise clearly the sensory 
c Definitions of sensory terms as derived during vocabulary development. 
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A sensory prattle was developed for the pork patties for each of the 4 feeding 
treatments using the same 8-member paid panel as utilised in vocabulary 
development. The sample set presented at the profiling study contained the -four 
treatments. This sample set (4) was assessed by each of the 6 panel assessors 4 
5 times, as replicates (4 x 8 x 4) = 128 'objects' in the profile data set for each of the 
25 sensory descriptors. Each replicate was presented on each of 4 days to each 
panellist, 4 samples per day. In all 4 days of panel sessions of 1.5 hr each were 
carried out in the development of the profile. Presentation to individual panellists on 
each day of profiling was in a randomised order. However, the full range of storage 
1 0 days and feeding treatments was included on each day. 

Quantitative data was collected using the FIZZ Network data acquisition software 
(BIOSYSTEMS, Coutemon, France). Unstructured line scales of 15 cm anchored on 
the left side by the term 'none' and on the right side by the term "extreme' were used 
1 5 for the scoring of each sensory term (Meilgaard et al. f 1999). . 

All multivariate analyses were performed using the Unscrambler Software, Version 
7.5 (CAMO ASA, Trondheim, Norway). In PCA analysis, data were analysed, 
centred with full cross-validation. 
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Results 



Multivariate Principal Component Analysis was used to gain a qualitative overview 
of the relationships within the sensory data and the association of the descriptors 
with the experimental design variables, i.e. non-bioactive/control, silage, chic- 
ory/silage and .chicory feeding. 



A sensory profiling of cooked pork derived from male animate was illustrated by 
Principal Component Analysis (PCA) plot (Figure 5). PCA was found present 2 sig- 
30 niflcant Principal Components (PCs). PC1 and PC2 explaining 43 and 33% of the 
explained variation, respectively. 

The general sensory description of the feeding treatments is shown in Table 
5 of example 2 and Figure 5. 

35 
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1. Non-b?oactive control diet (100% organic concentrates): 

These samples were described by pork meatiness-flavour, sweet-taste, pork fat- 
flavour, salt-taste. These are typical fresh 1 and sweet meaty attributes of conven- 
tional feeding (Byrne et al. f 2001b). However, associated with this aspect of the 
5 samples was a high level of boar-taint as described by Piggy/Anlmaly-flavour and 
odour, 

2. Control «+ silage: 

These samples appear not as fresh' In relation to meatiness as control diet and 
10 contain a number off-flavours. I.e. cardboard odour/flavour and linseed oil-like odour. 

3. and 4. Control + chicory and control +silage +chicory, respectively: 

These samples are described as having pork meatiness-odour, meat/gamey-flavour, 
spicy-aftertaste, herby-flavour, sour-taste, bitter-taste, astringent-aftertaste. These 
15 diets appear to have no off-flavours and have fresh' meat character as per the non- 
bioactive diet. Also 'pleasenf herby and spicy characteristics are present. 

Overall, feed 3. Control + chicory was perceived as the most acceptable in Its 
sensory characteristics relative to the other feeding treatments 

20 

Chicory and Silage/Chicory are similar in their sensory characteristics (bitter tasting 
and have freshly cooked meat odour), and are negatively correlated to boar-taint as 
described by Piggy/Animaly-fiavour and odour. Thus, the chicory treatments are 
more acceptable as they have reduced boar-taint from a sensory perspective (Fig- 
25 ure 5). 

The non-bioactive control feeding treatment is the most boar tainted as Indicated by 
the samples positive correlation to the descriptors Piggy/Animaly-flavour and odour. 

30 Control and Silage have many common sensory characteristics, however, Silage 
appears to be related somewhat to have more lipid oxidation based off-note de- 
scriptors (cardboard and linseed-oil like), even in freshly cooked samples as were 
. the samples in the present study. This was mosl likely related to higher levels of 
unsaturated phospholipids in. the meat elevated through silage feeding. Thus, the 
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silage fed samples had an increased potential for liptd-oxidation relative to all other 
feeding treatments (Byrne et al., 2001b). 

Conclusions 

5 Treatments 3. chicory and 4. silage/chicory are very similar and aie much lower in 
boar-taint from a sensory perspective than treatments 1. Non-btoactive and 2. Si- 
lage. Treatment 2. silage also appears to be the most lipid-oxidative of the samples- 
Overall, chicory appears, to reduce boar-taint and this clearly noted by the sensory 
10 panel. 

The most important aspect of this is the panel has Indicated that the chicory effect 
on reducing boar-taint results in acceptable fresh pork meat from a sensory per- 
spective. 

15 

the main point of course being that chicory having clearly reduced boar-taint from a 
sensory perception perspective did not lead to the imparting of other off-flavours in 
the freshly cooked meat of the chicory fed samples. 

20 The non-bioactive control fed pigs were found to have a higher level of boar-taint as 
described by the term Piggy/Anirnaly-odour and flavour relative to the pigs fed chic- 
ory. Thus, the chicory fed pigs had a more acceptable sensory character than the 
pigs feed non-bioactive control from a 'consumer" perspective, in relation to boar- 
taint. 

25 
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Claims 



10 



15 



20 



25 



30 



35 



1. A method for reducing taint in animals, said method comprising feeding to a 
male animal a chicory root product during at least two days prior to slaughtering 
the animal. 

2. The method of claim 1. wherein the chicory root product is fed to the animal for 
at least one week, for example at least 1.5 weeks, such as at least 2 weeks, 
preferably at least 3 weeks, such as at least 4 weeks, for example at least 5 
weeks, such as at least 6 weeks, for example at least 7 weeks, such as at least 
8 weeks, for example at least 9 weeks, such as at least 10 weeks, for example 
at least 1 5 weeks, such as at least 20 weeks. 

3. The method of claim 1-2. wherein the chicory root product is fed to the animal 
substantially until slaughter. " • •" 



.i 



4. The method according to any of the preceding claims, wherein the chicory root 
product is fed to the animal daily. 

5. The method of claim 4. wherein the chicory root product is fed to the animal 
several times daily, such as 2 times/ 3- times. 4 times, 5 times, or more than 5 
times. • • ..:!.: 

6. The method according to any of the 'preceding claims, wherein the chicory root 
product part of the ration of the animal is at least 5 % on a daily energy basis. 



8. 



The method of claim 6. wherein the chicory' root product part of the ration of the 
animal is at least 10 % on a daily energy' basis. 

The method of daim 6, wherein the chicory root part comprises at least 15 % of 
the ration, more preferably at least 20%. more preferably at least 25% more 
preferably at least 30 %. for example at least 35%, such as at least 40% for 
example at least 50%, such as at leasfeo%, for example at least 75%. such as 
at least 90%. for example substantially 1 00%. 
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9. The method according to any of the .preceding claims, wherein the animal is a 
ruminant, such as cow, sheep, goat, buffalo. 

*• • < 

5 10. The method according to any of the preceding claims 1 to 8, wherein the animal 
is a rnonogastric species, such as.horse; pig, poultry, dog, and cat. 

1 1. The method according to claim 10, whereirithe rnonogastric species is a pig. 
10 12. The method according to claim 1 1 , wherein the pig is a male pig. 

13. The method according to claim 12; wherein the pig is an entire male pig. 

14. The method according to claim 11-13/ Wherein weight of the pig is from 25 to 
1 5 300 kg, preferably as from 55 to 1 60 kg. - 

15. The method according to any of the preceding claims, wherein the species of 
Chicory is Cichorium intybus L. ! ' V V 

20 1 6. The method according to any of die preceding claims, wherein the chicory roots 
contain at least 5% inulin, more preferably at least 10% inulin, more preferably at 
least 15 % inulin, more preferably" at teast !: 20 % inulin, such as at least 25% 
inulin. for example at least 30 % inulin. ' 

-i • 

1 7. The method according to any of the preceding claims, wherein the chicory roots 
contain at least 5% FOS, more preferaWy at least 10% FOS, more preferably at 
least 15 % FOS. more preferably at least 20 % FOS, such as at least 25% FOS, 
for example at least 30 % FOS. 

f ^ 

18. The method according to any of the preceding claims, wherein the chicory root 
product comprises a silage product of chicory roots, such as a silage product of 
essentially whole chicory roots. • :r_r 

19. The method according to any of the preceding claims, wherein the chicory root 
35 product comprises a fermented product of chicory roots. 



25 
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20. The method according to any of the preceding claims, wherein the chioory root 
product comprises a dried product of chicory roots, such as a dried product of 
essentially whole chicory roots. . 

5 

21. The method according to any of the preceding claims, wherein the chicory root 
product Is a disintegrated product, such as a powder, flakes, pulp, slices. flour r 
pellets. 

10 22. The method according to any of the preceding claims, wherein the chicory root 
product comprises fresh chicory roots, 

23. The method according to any of the preceding claims, wherein the chicory root 
product comprises a fraction and/or an extract of chicory roots 

is • 

24. The method according to claim 23, wherein the fraction and/or extract comprises 
an inulin fraction and a low molecular Weight fraction comprising coumarins 
and/or sesquiterpenes. 

20 25. A method for reducing the skatole content in animals, said method comprising 
feeding to a animal a chicory root product for at least two days prior to 
slaughtering. 



26. The method of claim 25, wherein the skatole content of blood is reduced by at 
least 25%, more preferably at least 40%,- , more preferably at least 50%, more 
preferably at least 75%, more preferably at least 80%, more preferably at least 
90%, more preferably at least 95%, more preferably at least 98%, more 
preferably to substantially 0. 

• t . ..i 

30 27. The method of claim 25, wherein the skatole content of blood and/or backfat is 
reduced to below the human sensory threshold. 

28. The method of claim 25, wherein the skatole content of backfat is reduced by at 
least 25%, more preferably at least 40%, more preferably at least 50%, more 
35 preferably at least 75%, more preferably at least 80%, more preferably at least 



P738 OK01 

68 

90%, more preferably at least 95%, more preferably at least 98%, more 
preferably to substantially 0. 

29. The method of claim 25-28. further Including the features of claim 2 to 24. 

30. A method for reducing the androstenone content in meat and/or fat and/or blood 
said method comprising feeding to an animal a chicory root product for at least 
two days. 

31. The method of claim 30, wherein the androstenone content is reduced by at 
least 10%, more preferably at least 25%, more preferably at least 40%, more 
preferably at least 50%, more preferably at least 75%, more preferably at least 
80%, more preferably at least 90%, more preferably at least 95%, more 
preferably at (east 98%. 

32. The method of claim 30-31, wherein thWandrostenone content in meat and/or fat 
is reduced to below the human sensory threshold. 

33. The method of claim 30-32, wherein the animal is subsequently slaughtered. 

34. The method of claim 30-33, further Including* the features of claim 2 to 24. 

35. A method for improving the sensory characteristics comprising odour, flavour, 
taste and/or aftertaste of meal from a humaft sensory perspective, said method 
comprising feeding to an animal a chicory root product for at least two days prior 
to slaughter. 

36. The method of daim 35, wherein the imjprovement of sensory characteristics is a 
reduction of boar taint comprising' reducing Piggy/Animaly-odour and/or 
Piggy/Animaly-flavour to an acceptable level from a human sensory perspective. 

37. The method of claim 35. wherein the improvement of sensory characteristics is a 
reduction of boar taint comprising increasing acceptable sensory characteristics 
selected from the group of sour-taste, bitter-taste, poric meatiness-odour. 
astringent-taste, metaKio-flavour and Fresh sour/lactic-flavour. 
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38. The method of claim 35, wherein" the improvement of sensory characteristics 
comprises reduction of sensory characteristics selected from the group of: 
Piggy/Animaly-odour. Meat/Gamey-odour,'. ^Cardboard-Hkeodour, Linseed oil- 
5 odour, Sweet-taste, Salt-taste, Piggy/Anirnaly-flavour, Cooked ham-flavour, 

Fresh cooked pork meat like-flavour. Cardboard-flavour, White pepper-flavour, 
Pork fat-flavour, Lactic/Fresh souraftertaste, spicy heat aftertaste, 
Chemical/medicinal-aftertaste. Fatty mouth coating-aftertaste, Unacceptability. 

10 39. The method of claim 35, wherein the Improvement of sensory characteristics 
comprises increasing of sensory characteristics selected from the group of: 
Fresh cooked pork meat like-odour, Sour-taste, Bitter-taste, Metallic-flavour, 
Meat/Gamey-flavour, Herby-flavour, Spicy-flavour. Lacticrtresh sour-flavour, 
Astringent-aftertaste, Acceptability. 

15 • • i\ 

40. The method of claim 35-39. furtherjncludrng.the features of claim 2 to 24. 

.- 

41. A method for reducing malodour in the environment, said method comprising 
feeding a chicory root product to animals foPeit least two days. 

20 

42. The method according to claim 41, wherein the reduction is caused by a relative 
reduction in skatole and/or p-cresole and/or indole in the gastrointestinal tract. 

43. The method according to claim 41-42, wherein the reduction is caused by a 
25 relative increase in the amount of 2-pentanon and/or ethylbutyrate and/or 

propylpropionate and/or propylbutyrate arid/or butanoic acid 2-methyl-ethytester 
in the gastrointestinal tract 

• • : . . . Jt:} 

44. The method according to claim 41-43, wherein the animal is a ruminant such as 
30 cattle, buffalo, sheep, goat 

45. The method according to claim 41-43.' wherein the animal is a monogastric 
species. 



P738DKD1 

70. 
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46. The method of claim 45, wherein the moriogastric animal is a furred animal, 
such as mink, fox, muskrat, rabbit, hare, wolf:: 

47. The method of ciairn 45, wherein the monogastric animal is an animal used for 
meat, such as pig, poultry, rabbit, hare, more preferably wherein the 
monogastric animal is a pig. 

48. The method according to any of the preceding claims 41 to 47, wherein the 
maiodour is stable malodour and the animal is kept In a stable. 

49. The method according to claim 48, wherein the animal is kept in the stable for at 
least 6 hours a day. 

• "it.-** 

50. The method according to any of the preceding claims 41 to 49, wherein the 
15 malodour is manure malodour and the manure originates from animals fed with 

the chicory root product " ' l 

51 . The method of claim 41 to 50, further including the features of claim 2 to 24. 

20 52. A method for reducing the amount of infections of the gastrointestinal tract In a 
non-human animal, said method comprising feeding to a nornhuman animal a 
chicory root product for at least two days. 
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53. The method of claim 52, wherein the infections are parasites. 

54. The method of claim 53, wherein the parasites are worms. 

55. The method of claim 53, wherein the reduction is a reduction of the number of 
eggs in the animal faeces. 

56. The method of claim 52, wherein the infections are microbiological infections 
selected from Coli, Salmonella, Campylobacter and Yersinia 



35 



57. The method of claim 54, wherein the infections are worms selected from Ascaris 
suum, Oesophagostomum dentatum, • Oesophagostomum quadrispinulatum. 
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Oesophagostomum brsvicaudum. Oesophagostomum granatensis, 
Oesophagostomum georgianum, Hyostrongyfus rubidus, Trichurls suis, and 
Stivngytoidas ransomi and Trichinetla spp.;. 

5 55. The method of claim 52 to 57, further Including the features of daim 2 to 24. 

59. Use of chicory roots as a feed product for 'grown up* (» 7 weeks) pigs. 

60. Use of chicory roots for preparing a feed product for "grown up" pigs. 

61 . Use of chicory roots for preparing a product for the prevention of boar taint. 

62. Use of chicory roots for preparing a product for reduction of skatole content in 
pigs, in particular in boar fat. 

15 r ; • 

63. Use of chicory roots for preparing a product for reduction of andrastenone in 
Pigs. 

64. Use of chicory roots for preparing a product for reduction or prevention of 
20 gastrointestinal tract infections in pigs. 

.f. ■ 

65. The use according to claim 59^4 further including the features of claim 2-24. 

66. Use of a method for reducing taint in animals, said method comprising feeding to 
25 a male animal a chicory root product during at least two days prior to 

slaughtering the animal. 

67. The use of the method of claim 65; further fhcluding the features of claim 2-55. 
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Figure 2 
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Figure 3 
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Figure 5 
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Methodologies for improving the quality of meat, health status of animals and 
impact on environment 

AH patent and non-patent references cited in the present application are hereby 
5 incorporated by reference in their entirety. 

Field of invention 

The present invention relates to methods and compositions for improving the quality 
10 of meat, to methods and compositions for preventing or reducing male animal taint, 
primarily boar taint caused by skatole and/or androstenone. The invention also 
relates to methods for improving the health status of animals and to methods for 
reducing animal caused odours in general. 

1 5 Background of invention 

Boar taint 

Boar taint is a large problem in agriculture. The phenomenon referred to as "boar 
taint" is an ill-defined complex problem from a causal mechanistic standpoint that is 
20 characterised in pork meat by off-odours and flavours from a human sensory 
perspective. In addition, the live animals that lead to boar taint in meat also impart 
highly unacceptable off-odours to their environmental surroundings. 

Although the term "boar taint" implies that the problem is restricted to boars 
25 (sexually mature male pigs), the problem is by no means exclusive to such animals. 
Male pigs in general and to a lesser extent female and castrated male pigs also 
exhibit the phenomena associated with boar taint or pig off odour. In addition, the 
negative effects of bore taint increase with the increasing age of the animals. 

30 Boar taint is generally believed to be caused by at least two contributing factors, 
skatole and androstenone (Bonneau et al., 2000; Dijksterhuis et al., 2000). Skatole 
is formed by microbial breakdown of tryptophane in the gastrointestinal tract of pigs, 
in particular in the colon and in the caecum. Androstenone is synthesised in the 
testicles. Both compounds are metabolised in the liver. Some boars have a lower 
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rate of metabolism in the liver and consequently these animals result in meat that 
contains boar taint to a higher extent than the average pig. 

The phenomena associated with boar taint and/or pig off-odour is several. First and 
foremost the odour and flavour of pork meat is affected negatively in particular due 
to the presence of skatole and/or androstenone over certain levels. The odour and 
flavour may be affected to such an extent that the meat is not acceptable for human 
consumption. In addition, live (fattening) pigs are associated with an unpleasant 
odour caused by volatile microbial metabolites in their excreta. The unpleasant 
odours mainly stem from microbial produced volatiles in liquid manure (mixture of 
faeces and urine). Two important volatile components of liquid manure are p-Cresol 
and skatole plus ammonia. The net result of this aspect of the pig off-odour 
phenomena constitutes an environmental problem in terms of publicly unacceptable 
negative odours imparted to the surroundings of large pig tarms (Hartung & Rokicki, 
1984; Hidaka et al., 1986; Sutton et al., 1999). Ammonium evaporates as NH3 ana- 
acidifies the environment Rxing of nitrogen to less volatile compounds during 
passage through the gastrointestinal tract would thus be desirable. 

Danish (and other) slaughterhouses have set thresholds for the allowable amount of 
skatole in entire maie pigs backfat. The limit today is 0.25 ppm of skatole in the 
backfat of entire male pigs. In the past, the limit was set to 0.20 ppm and with this 
limit approximately 8 % of all male pigs had to be discarded. With the present level 
of 0.25 ppm approximately 5 % of all male pigs are discarded as boar tainted meat. 
The meat is then used in sausage manufacture in association with boar taint free 
meat, such that the negative boar taint odours and flavours are masked and thus 
are not a problem in human acceptability terms any longer especially when eaten 
cold. However, in this context the pork meat does not realise its original potential 
economic value. Pigs with elevated skatole contents thus constitute a substantial 
economic loss to agriculture. Therefore, there is a large monetary incentive to 
reduce and minimise the percentage of animals with high levels of skatole in the pig 
population. 

The limit of 0.20-0.25 ppm skatole has been more or less arbitrarily set thus far and 
in practice skatole also negatively affects the sensory properties of pork meat from 
entire male pigs at concentrations of as low as 0.15 ppm and maybe has negative 
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effects at even lower levels when in combination with higher concentrations of 
androstenone and other negative odorous compounds. Reducing the concentration 
of skatole below 0.15 ppm to as close to zero as possible will result in elevated 
quality of all pork meat from a human sensory perspective and consequently allow 
5 higher prices to be obtained for pork meat per se. In addition, the on-farm pig odour 
problems will also be reduced substantially with great benefit to the public. 

Existing methods for boar taint control 

Methods for boar taint control comprise castration of male pigs and feeding with 
1 0 inulin and f ructooligosaccharides. 

Castration of male pigs 

The phenomena of boar taint associated negative effects has been addressed in the 
state of the art. The most common preventive measure is to castrate male pigs 

15 either physically through removal of the testicles during the first week of the male 
pig's life, or chemically through immunovaccination (Bonneau and Carelli, 1987). 
Immunological castration of male pigs with a synthetic aqueous vaccine is possible 
(Dunshea Et al., 2001). Immunization of pigs against gonadotropin releasing factor 
(GnRF) prevents boar taint and affects boar growth and behaviour (Metz et al., 

20 2002). Overall, today the costs of immunovaccination are prohibitively high. 
Furthermore, it is only allowed by authorities in a few countries (USA, Australia) due 
to welfare problems, and thus not a realistic alternative in other countries. 

Physical castration Is commonly carried out by the farmer without sedation or 
25 anaesthetics. The consequences of this include in some cases infections of the 
wounds with resulting costs for treating the higher level of infections in the stock. 
Moreover, physical castration is carried out rapidly and the efficiency is not always 
100 %. 

30 Castration reduces the boar taint problems of skatole and androstenone in the meat 
and fat, but it does not eliminate the negative effects. Furthermore, castration does 
not address the problem of elevated p-Cresol and skatole levels and live pig off- 
odour problems (stable and manure offensive-odour) found in all pig stables with 
especially fattening pigs. 
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It is expected that mass castration of piglets will be forbidden in the near future for 
reasons of animal welfare at least in the EU area. In Norway such castration is 
forbidden from 2009. In the interim period, authorised veterinarians can only perform 
castration. Castration by veterinarians makes the costs prohibitively high for 
industrial scale pig farming. 

Inulin and fructooligosaccharides (FOS) 

It is known that the production of skatole from tryptophan in the intestine can be 
reduced by feeding pigs with inulin (Claus. 1992; Claus .1994) and 
fructooligosaccharides, FOS, (see e.g. Jensen & Jensen, 1998; Knarreborg et al., 
2002; Xu et al, 2002). However, to date a sufficient efficiency in reducing boar-taint 
remains to be demonstrated for these compounds. In for example Claus (1992), DE 
42 23 051 it was demonstrated that the skatole content of backfat could be reduced 
only by 55% by feeding 140 kg pigs 2x35 g of inulin (from Dahlia tubers) daily. 

Live pig odour reduction 

The malodorous volatile compounds emitted from pig production units are an 
increasing problem in areas with intensive animal production. Several strategies for 
reduction of emission of odour have been tried e.g. (I) Biofilters, (II) Continuous 
aerobic treatment, (III) using oil and foam layers. (IV) additives to manure (e.g. 
acids), and (V) feed or change of feed composition. Although some improvement in 
ambient air quality has been obtained by these methods, none of them have found 
widespread use in practical conditions. 

The solution for odour reduction should both be economically feasible and fit into the 
production systems without major investments. In addition the quality of the resulting 
meat product should remain at the same level, ideally with an increased product 
quality. 

The most efficient solution would be to stop the production of malodorous 
compounds before the compounds end up in the manure, i.e. in the pig itself. This 
should be achieved with a suitable feed composition, which changes the spectrum 
of produced odorous compounds so the odour impression is changed to a less 
disagreeable composition. The need for investment in mechanical deodorising 
equipment in connection with the stable can therefore be omitted. 
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The odour active compounds originate from microbial degradation of residual feed 
components in the manure. The odour compounds can be divided in two groups 
depending on their origin: (I) compounds from fermentation of carbohydrates, and 
(II) compounds originating from fermentation of proteins. Degradation compounds 
from fermentable carbohydrates are usually short chain fatty acids (acetic acid, 
propionic acid, butyric acid and valeric acid) and short chain alcohols. The 
degradation products from proteins are a more complex mixture. They are branched 
short chain fatty acids (isobutyric acid), indoles (skatole and indole), phenols (p- 
cresol) and sulfur compounds (hydrogen sulfide, dimethyl disulfide). The compounds 
from the last group (protein fermentation products) have more disagreeable odours 
than the first group (carbohydrate fermentation products) and lower odour 
thresholds. This means they have a relatively higher negative impact on the air 
quality. The compounds produced can also be combined with each other e.g. 
volatile fatty acids can be combined with alcohols and result in esters which have 
other odour characteristics usually with less offensive odour notes. This process is 
facilitated by esterases, which can be produced by microorganisms. 

The strategy for changing the composition of the odour active compounds (and 
thereby increase the air quality) would then be to increase the amount of less odour 
offensive compounds (from carbohydrate degradation) at the expense of the more 
odour active compounds (from protein degradation). If the odour active compounds 
also include synthesis of esters the odour quality would be further improved. 

Accordingly there is need in the art for developing methods which are compatible 
with modern industrial scale farming for addressing the problems of taint in animals 
especially taint in male animals, primarily boar taint, including stable malodour, and 
meat taste. 

Control of parasite infections in pigs the state of the art 
Infections with intestinal parasites, including nematodes, are common throughout 
the world (Nansen & Roepstorff, 1999) and cause significant economic losses to pig 
producers, as the nematodes may affect the overall growth rate and feed utilisation 
efficiency (e.g. Hale & Stewart, 1979; Hale & Marti, 1984; Hale et aL, 1981, 1985; 
Stewart et al„ 1985). In extreme cases the nematodes may also cause the death of 
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infected animals (e.g. Jensen & Svensmark, 1996). This problem is particularly sig- 
nificant for the organic pig husbandry, as a goal of organic production is to minimise 
or entirely eliminate the use of medical drugs, including anthelmintics, and because 
nematode occurrence is generally increased in organic animals systems and other 
5 alternatives to industrial husbandry systems, as these generally offer better condi- 
tions for development and survival of infective parasite stages (deep litter systems, 
outdoor facilities), whereby the animals are much more exposed to infection 
(Thamsborg & Roepstorff, 2003). 

10 Furthermore, a long series of controlled experimental infections of pigs with 
Oesophagostomum has demonstrated that diets varying in Carbohydrate source and 
in contents of insoluble fibre (but otherwise very similar) may influence not only the 
fecundity of the nematode females, but also the establishment and survival of the 
worms. Unfortunately, high contents of fibre and partially undegradable carbohy- 

15 drates. as found in standard organic swine diets, seem to be favourable for the 
parasites, while parasite unfavourable diets composed of highly degradable carbo- 
hydrates are not normally fed to pigs (Bjem et aL. 1995; Petkevicius et at., 1997, 
1999,2001). 



20 



25 



30 



There have been many alternative approaches towards new methods for parasite 
control, and one of the more promising is actually the manipulation of dietary com- 
position. Recent data thus demonstrate that it is possible to identify organically rele- 
vant and economically competitive carbohydrate sources with high contents of fruc- 
tooligosaccharides, on which the pigs grow well, and that these diets may reduce 
worm numbers and female fecundity of both Oesophagostomum and Trichuris 
markedly (Mejer et aL, unpublished; Thomsen etal., unpublished). Petkevicius et at. 
(unpublished) found a markedly reduced egg excretion and an almost complete 
elimination of O. dentatum from pigs fed a diet with added inulin. Thus, novel feed- 
ing strategies that include continuous or periodical supplements of diets rich in fruc- 
tooligosaccharides may contribute to future sustainable nematode control in pigs. 

A pure inulin product has up till now been an expensive product and therefore 
probably not likely to be used as a feed supplement in commercial pig production. 
Though the price may decrease with increased demand in the production units there 
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In yet another embodiment the invention reiates to a method for improving the 
odour, flavour, taste and aftertaste of meat from a human sensory acceptabiiity 
perspective, said method comprising feeding to an animal a chicory root product for 
at least two days prior to siaughter. The chicory root product has an effect on taste 
and aftertaste of meat, which can not be obtained by feeding animals with pure 
inulin. 



In a further embodiment the invention relates to a method for reducing malodour as 
related to the live animals environment, said method comprising feeding a chicory 
root product to animals for at .east two days. Reducing malodour compounds 
com,ng from pig stables and manure lead to environmental benefits in relation to the 
public. 

In another embodiment the invention relates to a method for educing the amount of 
■nfections with pathogens of the gastrointestinal tract in a non-human animal, said 
method comprising feeding to a non-human animal a chicory root product for at least 
two days. 

The invention relates to anima. welfare by a friendly, humane, tow cost and highly 
effect** feeding methodofogy when compared to ,1 the presently u»lised methods 
for boar taint control. 

Brief description of Figures 

Fig. 1. (a) The scores of odorous compounds of raw data from colon contents of 
controlled and chicory-fed pigs, (b) The loadings of the odorous compounds of 
control-fed and chicory-fed pigs. 

Fig. 2. (a, The scores of low threshold values of odorous compounds from colon 
contents of control-fed and chicory-fed pigs, (b) The loadings of low threshold values 
of the odorous compounds of control-fed and chicory-fed pigs. 

Fig. 3. (a) The scores of high threshold values of odorous compounds from colon 

Zen! ^ Pl9S - (b) ThC of ^ threshold 

values of the odorous compounds of control-fed and chicory-fed pigs. 



P738 DK01 



9 



Fig. 4. Mean Oesophagostomun, dematum egg counts ( eggs per gram faeces) In 

O. dented LSHarvae al, p,gs were given concentrate and grass s„age. Thereafter 
*e concemrate comro, group was 9iven only concert and ,he JU^Z 

~ *• °y <°' chico^ roc. This was! do^T 

the shorMem, chicory group 28 days before slaughter. 

cl!d P .T IPa ' ?° mP ° nen ' AnalySi8 (PCA) 01 SSnS0 ^ «"*■»» — <™> freshly 
cooked ent^mele pork meatsamp.es for eaoh of four feeding treatments 1) |L 

control. 2 ). sitege, 3). Chicory, and 4). Chlcory/S«age. 
Definitions: 

Achlocry mo, product: By a chicory root p rod uct is Wended flre, and foremost .he 
oomplet. ch^xy roots. Also fractons of chtaory root are inckrded Also 

ZTT "T ^ h "* B ^ 0™°*°* ™ •»«* e g. pu p 
"akes. powder, flour, dned pulp , dried flakes, dned tubers, eilage. en JatLfc 
processed products, microbiotogically processed products. ""»""'«•* 

oompnses an ,nu„n and/or FOS (motion as well as a low molecular weight fmcjr, 
^^cuter .eight compos am compounds beiow 20 00 

UTT T^"" ** C ° UmarinS ' * eSO *« n - «*.*n>enes. terpene 
phytosterol.polyamineandflavonoid. rerpene. 

be '° n9,n9 '° - ^ °' -** "-««« * - ^ name 



Sifter chicory: By bftter chicory is to be understood chicory w* a bitter teste Blfter 
oh,c«y need no, be different from chicory or chicory mo, product 

Boar tainft Oft-odour and/or off-flavour o, animal pmducte including meat. 
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Growing pigs: above 8 weeks. 

Growing pigs are often referred to as Porkers f50-60 \cn\ fi ni *K 

up to 160 kg). ( 60 kg) ' fin,sne rs or fatteners (both 

Chicory: By a Chicory p,ant is intended any species, subspecies or variety which is 

Place he Cchonum fam,ly in the Asteraceae. Known species include at least- 

Cchonum alatum Hochst. & steud.ex DC. 

Cichorium ambiguum Schult 

Cichorium aposeris E.H.L.Krause 

Cichorium arnoseris E.H.LKrause 

Cichorium balearicum Porta 

Cichorium barbatum E.H.LKrause 

Cichorium bottae Deflers 

Cichorium bottae Deflers 

Cichorium byzantinum Clem. 

Cichorium caeruleum Gilib. 

Cichorium callosum Pomel 

Cichorium calvum Sch.Bip. 

Cichorium casnia C.B.Clarke 
Cichorium cicorea Dum. 
Cichorium commune Pall. 
Cichorium cosnia Buch.-Ham. 
Cichorium crispum Mill. 
Cichorium dichotomum Link 
Cichorium divaricatum Heldr.ex Nym. 
Cichorium divaricatum Schousb 
Cichorium dubium E.H.LKrause 
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Cichorium endivia Linn. 

Cichorium endivia subsp. divaricatum (Schousboe) P.D.Sell 

Cichorium endivia subsp. pumilum (Jacq.) C Jeffrey 

Cichorium esculenturn Salisb. 

Cichorium glabratum Presl 

Cichorium glandulosum Boiss. & Huet 

Cichorium glaucum Hoffmgg. & Link 

Cichorium hirsutum Gren. 

Cichorium intybus convar. foliosum (Hegi) J.Holub 

Cichorium intybus convar. radicosum (Alef.) J.Holub 

Cichorium intybus forma alba Farw. 

Cichorium intybus forma rubicunda Faiw. 

Cichorium intybus L 

Cichorium intybus Linn. 

Cichorium intybus subsp. glabratum (C.PresI) G.Wagenitz & U.Bedarff 

Cichorium minimum Portenschl. 

Cichorium nanum Portenschl.ex Nym. 

Cichorium noeanum Bolss. 

Cichorium officinale Gueldenst.ex Ledeb. 

Cichorium perenne Stokes 

Cichorium polystachyum Pomel 

Cichorium pumilum Jacq. 

Cichorium rhagadiolus E.H.LKrause 

Cichorium rigidum Salisb. 

Cichorium spinosum Linn. 

Cichorium sylvestre Garsault 

Cichorium sylvestre Lam. 



A commonly used agricultural variety of Cichorium is: 
Cichorium intybus L. var. Orchies 

"! h 00 "'"" 1 ,or whloh Plart vane,y pro,9c,fon »- •»« « * 

about to be granted at the Community Plant Variety Office. Angers, France 
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Cichorium endivia L, 



P 738 DK01 



13 



Cichorium endivia L. 




Cichorium intybus L. partim 




Cichorium intybus L. partim 
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The present invention relates to a method for reducing taint in animals, said method 
comprising feeding to an animal a chicory root product during at least one day 
preferably at least two days prior to slaughtering the animal. The taint is connected 
to malodour in places where animals are living especially in indoor locations e.g in 
stables, other houses or hiding-places for pigs. The taint is also connected to off- 
odour and flavour in meat from a human sensory perspective. 

By using the wording 'reducing taint in animals' it is not meant to limit the reduction 
of taint to the inside of the animals e.g. in all food related items contained in the 
anrmal in particular the meat, also the stables and outdoor areas where animals are 
taring are intended to be included as well as the manure/slurry kept in tanks and 
spread on the soil. In general the reduction of taint in the environment of animals is 
included. 
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backfo, is higher than expected when comparing to tesuKs of an experiment using 
punfied mulin (Claus, 1992 & 1994), "rent using 

Feeding mate and female animate wKh chicory roo, product reduces the off odour 
and of( tevour „ „ mea , ^ ^ |ncreases ^ human 

W. united meat. The Auction o, of, odour and of, favj ateo mduls 

o J TZ l m ,hat are - ~ 38 telnted mea *— »«• -» 

to unsurtab,l»y ,o be used directly as a human food. 

Furihermore castration o, the animate can be avoided, which Increase the animal 
due to avoiding ma pain mate animate a,* subiectod to a, ,he tkne o, 
Ration. The chicoiy too, ptoduc, te a cheap attornative to castraUon especiaiiy in 
countoes where authorised veterinarians partem, the cassation. 

Feeding time 

The chkx*y noo. product can be produced from pten* „ one or more „ ^ 

genes or plan, famiiies memtened above. This chiooty root product is fed 72 

1 * T ** " « ^ 2 *■* «* - « *- 3 days, such as * 
teas 4 d^, ^ m m ^ 5 ^ ^ gg least 6 days, such as a, teas, one 
week, tor example a, teas, 1 .5 weeks, such as a, teas, 2 weeks, pieteiabiy a, teas, 3 
wee*. «*h as a, teas, 4 weeks, tor example a, teas, 5 weeks, such as a, teas. 6 
weeks for example a, least 7 weeks, such as a. teas, 8 weeks, for exampie a, teas, 



Feeding animate with me chico* too, ptoduc, within a short period |ust prior to 
slathering reduces me amoun, o, chico* too, ptoduct to be JTd. Simula 

— - — — ■ — —* * 

an^od , T " '° SlaU9h,e * 9 9eneral * **— - 

end matodour of the stobtes or M, piece o, the aaima, as we,, as ,ha parasite load 
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To reduce tain, in the animal the chicory rant product is ted to the animal 

can he a, any „me during the ,„e o, the animai The amount o. chicory ,00, product 
per kg an^nal eaten by aaid animal may van- during the He of the animal or during 

ZZLT? T ^ " ChlCWV ra0t ^ " due to «" « the 
Qua,,ty of the feed, where the quaBy can b6 of me chicory piants „ „ other , 9ed 

components. 

in the period where the animal is fed by the chicory root p^fuct as outiined 
eteewhere. the chteocy root product ,a fed ,0 ft. anfcna, daliy. The , reguenc, of £ 

^ 7 0,19 POrti0 " WhiC " 13 8a,6n U ° * *• •** -* « snort 

panod or the an,mal can have admission to the chicory root product all day long 
preferred B toa, toe ch^ory root product is fad ,0 the animal seyera, times da^' 
such as 2 tomes. 3 times. 4 times. 5 times, or more than 5 times 
The chicory root product can be fad to the animals every day. every second day 
every toed day. every fourth day. every «*, day. every sixth day Jone a w^K 
Preferred is whan me animate are fed by toe chicory product every day. 

The animals may also be eitowed to ctop an area w*h gnawing chicory piante, 
heraby the anrmale can eat toe ieaves of the plants and*, ea, toe roote » „ra 
dtggrng up or drawing up the plants and/or roots. 

T*< > animate may also crop an atea where chicory plante era harvested. The 
anrmate can eat toe remaining chicory piante or toe containing chicory P ,an, parts 
Bemarmng pten, parts can be due to topping toe piants when harveJng j£ 
toe roots and teaving toe tea, part on toe area. Ateo non-raraoved Jots can 2 
eaten by the animal. 



Feed ration 



The chicory roo t product can cons«u,e a part 0, toe del* feed ration, preferably toe 
chrcony root product part o, toe ration o, toe anima, te a, teas, S % on . «, 

,he m ^ part 01 ,he ra8 °" - " «*2 

«s at least 10% on a daily energy basis. 
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Further when feeding with me chicory roo , product ,he retion based on a da.hr 
energy bas,s oan be .hat me chicory root product part composes a. .east 15 % of the 

rtlaast 30 /„ for exareple at leas, 35%. suoh as a, leas, 40%, for example a. leas, 
50*. such aa a, leaat 60%, for exantple a, fees, 75%, such aa a. leas, 90% for 
example substantially 100%. 

The chicory root preduc, does not aeam to result In a reduction in me growth rete of 
the ammafs; furthermore the animals do no, show signs o, avoiding eating the 
chicory root product u 

The chicory root product Is a protein-free or substantially protein-free product 

IZZT^T anima ' S ^ "* thS ChiCOry r ° 0t Pr ° duct ' ■» ~ 
need not be fed w,th an additional protein supplying product to obtain the weight of 

an animal fed by ordinary feeding products. 



Animals 



rLT^ , animai m dese,,bed may be -» * 

anys^e o, «e. preferable the animale is demeaned anintals and more preferred 
- when the an,ma. is a -unrlnanf, such as cow, sheep, go* buffalo, deer, came. 

l n oT!r T 8 ? embot " mew *• animal 18 a monosas " i ° — > - 

oHlrfr'^,^ Fta *--~- b me ntonogasmc specks is a 
Pig. Ye, further preferred is when the pig ia an entire male pig. 

Pigleta can ea, me chicory roo, product from none, one or sevaral days before 
weanrng (ro m me sow as a part o, ma ra«on as described elsewhere. Preferred is 
eedmg prgs «h me chicory roo. product herein weigh, o, me pig ie frem 25 ,o 300 
kg, more prefer, aa from 55 to 130 K 9 . which , s me weigh, of fadenere a, 

sucT ,' . T ^ 3965 ^ b9 - ™ — as ,o 

o °l WeekS 01 ( ° r ^ ^ — * - « weeks o, 

^lTL ?\? Ve 8 We6kS inS,aTOe 18 « rowi "9 !*• °«en referred ,o ea 
porkers ,50*0 Kg,, nniehere or fadenere (bom up ,o 130 kg,. The piga oan be feed 
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w* toe cNcory rcc, p roduct ^ ^ pigs ^ |n 

su<* es 5 to ,50 kg, e. 8 . such as 5 ,o 30 kg. further such as 30 to 50 kg, such It 
to 80 Kg. such as 80 to ,10 kg, such as 1 ,0 , 0 ,40 kg. such as ,40 ,o ,70 kg such 
as , 70 to 200 kg. such as 200 to 275 kg. such as 275 to 350 kg. 

Ths animate fed by ^ ^ M product „ ^ ^ 

non^amo production systems. The animate may be in e stable ail day o, nave 
access to outdoor equipment such as a fence. 

Chicory plants 

The chicory root produet described herein can be prepared from plants o, toe family 
Composes, toe chicory root product can be produced fmm piante of one or mom 
genus of toe family Compose, pmfened Is ptente from the genus Ochorium In 
2 -'ex, chicon, is used to descm* plante belonging to toe genus Cfchorfum. As 
ius. menhoned toe piante may belong to a slngte or more genus o, family 
C^posm, as we., as f mm a slngte or mom species o, the genus ac^ium, as 

Pmfembly the piante am o, toe species Cfchorfum in0 *us L The genera and 
speces mfened to are toa, mentioned pmviously. The varieties am any chicory 

HHT are T" 9 at a pre,emd ~ - 

vanetes. Mom preferred am piante *to terge mote, most pmfermd am varieaes 
w*h a h,gh harness yield by aree e.g. 60 ton per he. Further pmferred are vanefles 
«h a la^ ,nu»n comem, such as a. lees. ,5% inulin on a dry matter beste, e.g a, 
lea* 20% ,„ u(n . suoh as at |eaa 3^ lnul ,„ e g m ^ ^ |nuBn ^ * - 

leas, 50* ,nulin. for instance at least 60% inulin, such as a, least 70% inulin. for 
Stance a, teas, 80% Inulin. such as a, teas, 90% inutin, tor instance a, teas, 95% ' 

Chicon/ piante am easy to gmw and many agricuitore vaneties ha»e a high yield 
emby toe chicory me, pmduct beeves e cheap product Furthemtom toe ch^ 
plants can be hendled by equipment used in sugar bee, pmducSon. 

Phmse cheery root producf is used to hdicate toa, prefemb* toe main part of toe 
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product is prepared from the roots of the chicory plants. This root part of the amount 
of chicory plant used to produce the chicory root product may constitute more than 
20% of the total dry weight of chicory plant used, such as more than 30% such as 
more than 40%, such as more than 50%. such as more than 60%, such as more 
than 70%. such as more than 80%, such as more than 90%, such as substantially 
100%. 

in the description of the chicory roots e.g. characterisation of the contents of 
compounds these characteristics may be valid for portions including entire plants or 
portions only including roots and small parts of the leafs. 

The chicory root product is prepared from chicory plants, wherein the chicory roots 
contain at least 5% inulin. more preferably at least 10% inulin, more preferably at 
least 15 % inulin, more preferably at least 20 % inulin, such as at least 25% inulin 
for example at least 30 % inulin on wet weight basis of the root 

The chicory root product is prepared from chicory plants, wherein the chicory roots 
contain at least 5% FOS. more preferably at least 10% FOS. more preferably at 
least 15 % FOS. more preferably at least 20 % FOS. such as at least 25% FOS for 
example at least 30 % FOS on wet weight basis of the root. FOS is 
fructooligosaccharides. 

Processed chicory root products 

The chicory root product used according to this invention can be a processed 
chicory root product comprising a silage product of chicory roots, such as a silage 
product of essentially whole chicory roots. 

Silage 

Silage is prepared by anaerobic fermentation this can be in a pit, silo or other enclo- 
sure or by chemical preservation e.g. by lactic acid, propionic acid, and formalde- 
hyde. The chicory plant parts or chicory roots can be ensiled alone meaning without 
other plant species or it can be ensiled together with different plant species of forage 
crops such as ryegrass, maize, sorghum, alfalfa, potatoes, beets e.g. sugar beets. 



P738DK01 

20 



The plan, matena. Is harvested green and stored as fresh material, endosed in alr- 
proof condtoons (pi,, or under a ptasfic or similar covering, and allowed ,o lenient, 
wrih most of the sofuble sugars convened ,o low motecutar weight volatile fafry sa- 
rds, such as acetic acid. Various addMves may be used, either to increase the con- 
cantretior, of fermentabte carbohydrate (mousses). ,„ lncrease „ propmt)on of 
benetaal bactena e.g. Ia«lc acid in the ensiled material, or to artificially lower fhe 
pH of me mixture. Additional feimentable carbohydrate may be added as molasses 
Alternatively, enzymes such as xylanases and ceilulases may be added ,o reiease 
tow motecula, ■ weigh, rentable subsfra.es from the cei, wal, pofysacchaddes. 
Syrithetrc volatrle fatty adds e.g. propionic acid may also be added to lower pH. 

The chicory roo, 8ilage can afeo be produced by mlxhrres o, bhicory plants and 
strew or by adding pellets from sugar beet pulp to the chicory plants. Other dried 
products can also be used e.g. potato starch. 

The silage can constitute the chicory root product or the chicory root product can be 
produced from silage and other chicory products described herein. 

Fermented product 

The chicon- roo, product o, ,he invemion can be a product wherein me chicory roo, 
product comprises a fermented product of chicory roots. The fermentation can be 
mrtrated wrth fractions of fresh roots, fractions of dried roots and extracts. 

A fermented chicon/ root product can be obtained by fermentation with bacteria such 
as flacks. Acetobacer, etc also yeas, can be used to the fermentation process 
Preferred Is fermentation w*h UCobacWus case, atectosos. UcctacWus 
ce^osos. Uuconostoc destrentan, ieuC0TOSto0 mesentenMs _ streptococcus 
**** Streptococcus dfece/yfccffe. Saccharomyces ftorenUnus. Me*ods of 
fermentalron o, chicory roots are described in US 4,671 .962. 

Decomposition of chicory roots 

Heating and/or drying chopped chicory roota may carry out decompose of me 
chrcory roota Furthermore, me decomposition may be performed by firs, chopping 
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and gnnd,n g the chicory ^ lnto fln9 ^ ^ prepa[|ng fl 
and enzyma«ca»y decomposing the siuny; or aflernativeiy by , llst ^ the 
ch,co,y roots ,nto fine pieces, then heating end tkying them, adding thereto water to 
form a slurry, and enzymetically decomposing the slurry. 

.f nccesse^ a further treatment may be conducted by the use of pectlnase endfor 
ceWase. Afterward, an endo-type inuiaee Is added to the slurry, end the enzymatic 
decomposition is then performed at a temperature of 40«C to 80-C for 12 to 36 
hours. Preferred Is a product in which 50 weight % or mora of the solids content 
compnses the fructooligoseccharfde (FOS). 

Usable exempiee of the endo-type InsUese include enzymes produced by mold 
fung, such ae those of the genus AspergWus (A. n&er end the like) end those of the 
genus Penidmum (P. uzeUnsm and the like), and bacteria such aa a*** (S cir- 
cus and the «ke>. ,n a preferable case, the endo-type inulese when* the opU- 
mum temperature is fram 30-c to 80"C end the optimum pH is from 4 to 7 is used 
so mat the olgosaccharide is effectively produced from the chicory flakes. In the 
practical enzyme decomposition, it is praferabta that the temperature of the enzy- 
maflc decomposition is high for the seke of preventing anamination wflh various 
bactena. Therefore, the enzymatic decomposition Is suitably performed at a tem- 
perature of 40" to B0°C. Enzymatic preparation is further described in US 4,971 .81 5. 

The chicory root product of the invention can be a product, wherain the chicory root 
product compnses flour of chicory root This inversion therefore provides a process 
for the preparation of a flour from tubers of chicory or similar Inuiin-containing plants 
WW, process comprises me steps of: (a, maceraflng Ihe tubera to a homogena te : 
(b) heatmg era homogenate at a temperature ranging fram about 150°C to about 
90-C for a time ranging, respectively from about 1 5 seconds to about 10 minutes; (c) 
aub,ecbng me heated homogenate to spray drying in a swam of hot gas; and ,d) 
recovering a flour comprising a mbrfure of monosaccharides, smai. oBgosacoharides 
and large oligosaccharides. Flour production is further described In US 4,871 ,574. 

The chicoor toot product of the Invenflon can be a product, where* the chicory root 
produa composes pulp „, cNcory mot Sutebra pulps Inciude those where soma of 
the ,nul,n has been removed (extracted) to leave a chicory pu( p. The ^ inven . 
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.ion includes all chico^ pulp, „ Nch can ba obtaIned from a, 

tram at laast chtcon, root material. The chlcoty p U , p may pa hco^tad Into a 
chteory root product w»h the aama composHion as direcfly produced fretT, he a, 

rr;:r re - *• p * may ^ « - — 

apu P <* a dtfferen, compost and/or rem,. For exampie, tha pulp may ba dned 
and then gret*d up to provide a d* product o, sma» panic* size which may ba 
used to produce a chicory root product * 

Il« ir 0 " ^ " *" menaon be a prot,u « —* *• -*»» «. 

product composes a dried product of chicory mots, such as a dried preduc, of 
whore chfcoty mo*. The chicory mots or dantegreted chicoty mTcan 
be dned by any drying me*od. such as sun dried, dried by heat dried £ T<Z 
by heated air, dried in a heating chamber or freeze dried 

■nm <*icc*y reo< preduc, of the inventa, can be a pnxtuct wherein *e chicory roc, 

petr;: ir^'r m suoh 88 a ^ ->*• *z - 

pellets. The chtcoty root product can ba disintegrated before a possible producSon 
process me processed chfcory reo, preduc, can be dfeinregrared a, a JgZ, 
ft. process,ng steps or followed processing. One example of drying of chopped 
7 r0Ote b a * «« 3 days h a baaing chamber, which rea^ £££ 

oTeTd" ^ ^ ^ * """»—* - * «^ P'-d t 
disintegrated in other ways. K w 

T^echlcoo, mo, product of ma invanrion can be a product, wherein the chicory too, 

ch^piamshasbeenha^atadtoaomamonthsofstoregasuchasl monm eg 
2 months. h as 3 months, such as 4 months, such as 5 months auTas * 
reomhs, su* as 7 months, such as 8 months, suoh as 9 monms, such as 10 
n»mh* such as ,1 momhs. such as 12 months. At the storage period the chico^ 
«*. can be stored a, opaons where *e reo* do no, ensitaga, and/or ferrZ 
and/or dnr some o, the reots the storega piie can ^ LJX^Z 

Piles a, condrttons preventing siiaga ,orma«on. femtentarion or «yi„g. AcLin 
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degree of drying is acceptable, such as loss of 50% of the water content of the 
freshly harvested chicory roots. 

Fractions of chicory roots 

The chicory root product of the invention can be a product, wherein the chicory root 
product comprises a fraction and/or an extract of chicory roots. The fraction of the 
chrcory root product comprises inulin and oligofructose and at least one other com- 
pound from the chicory roots. 

As mentioned elsewhere the chicory root product need not only to be produced from 
chrcory roots or parts of chicory plants. To produce a chicory root product fraction 
and/or extract of chicory roots can be added to other feeding components. 

Extract can be produced by extraction of compounds in an aqueous mixture of drs- 
mtegrated chicory roots and a liquid or in a mixture of different liquids. The disinte- 
grated chicory roots are described above. 

The fraction and/or extract of chicory root preferably comprise inulin and 
oligofructose fractions and a low molecular weight fraction comprising coumanns 
and/or sesquiterpenes. The fraction and/or extract of chicory root can also comprise 
other secondary metabolites as mentioned below. 

Secondary metabolites 

Secondary metabolites are compounds which are not a part of the primary metabo- 
lism of the organism e.g. they are not amino acids, carbohydrates, lipids and nucleic 
acds. The secondary metabolites in chicory can be divided in several chemical 
classes: terpenes, phytosterols, polyamines, coumarins and flavonoids. The content 
of secondary metabolites in a plant can vary according to season, growth conditions 
variety, anatomical part of the plant, age of the plant and degree of attack of insects' 
herbivores or plant diseases e.g. bacteria or fungi. 



Preferred secondary metabolites of chicory root fractions of the invention 
selected from the groups mentioned in the following paragraphs: 



are 
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Terpenes: Sesquiterpene lactones: 8-Deoxylactucin, crepidiaside. lactucin, lactupi- 
cnn, crepidraside, H-D-13-dihydrolactucin. picriside. sonchuside A, sonchuside C, 
cichonolide A, cichoriosides A. cichorioside B and cichorioside C. 

Phytosterols: Sitosterol, stigrnasterol, and campersterol. 

Coumarines: Esculetin (=aesculetin). esculin (the glucon of esculetin), cichoriin-6'-p- 
hydroxyphenyl acetate and cichoriin. 

Ravonoids: Luteolin 7-glucuronide, quercetin 3-galactoside, quercetin 3- 
glucuronide, kaempferol 3-glucoside, kaempferol 3-glucuronide, isorhamnetin 3- 
glucuronide. 

Anthocyanins: Cyanidin 3-0-D-(6H>-malonyl)-D.glucopyranoside and four del- 
phinidin derivatives. 

Caffeic acid derivatives: Caffeic acid, chicoric acid, and chlorogenic acid. 

Polyamines (biogenic amines): Putrescine, spermidine, spermine. 

More preferred is secondary metabolites selected from the groups of terpenes 
coumarines and caffeic acid derivatives. The most preferred secondary metabolites 
from these groups comprises: 

Terpenes: Sesquiterpene lactones: 8-Deoxylactudn, crepidiaside?. lactucin, lactupi- 
crin. crepidraside, H-D-IS-dihydrolactucin. picriside, sonchuside A. sonchuside C. 
cichoriolide A. cichoriosides A, cichorioside B and cichorioside C. 

Coumarines: Cichoriin-6'-p-hydroxyphenyl acetate, Esculetin <=aesculetin). and es- 
culin. 

Caffeic acid derivatives: Caffeic acid, and chicoric acid. 
Skatole 

Another aspect of the invention is a method for reducing the skatole content in 
ammals. said method comprising feeding to a animal a chicory root product for at 
least two days prior to slaughtering. With regard to this aspect, it can be combined 
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z^mr described especm m con *° n ,o ~* - 

and production of chlcoiy root product. 

By feeding animals with (he chicory feed product the skatole content of Mood 
Plasma ,s reduced by at leas, 25%. more preferably a. leas, 40%, more preferably a, 
leas, 50%, more preferably a, leas, 75%. more preferably a, leas, 80%. more 
preferably a, leas, 90%. more preferabty * teas, 95%. more preferably a, leas, 98% 
more preferably to substantially 0. Surprisingly me reduction of skatole in me blood 
plasma is greater than expected. 

It is preferred that the method of feeding animals with chicory root product is one 
wherein the skatole content of blood and/or fat is reduced to below the unacceptabie 
human off odour and flavour sensory threshold and maybe even to zero in meat 
produced from the animals, this is of additional importance as skatole functions as 
an enhancer of the sensory off-odour/f.avour producer androstenone and maybe 
other off odour/flavour components of unknown origin. 

Preferred is that the skatole content of backfat and/or meat is reduced by at least 
25 * more preferably at least 40%, more preferably at .east 50%, more preferably at 
least 75/o, more preferably at least 80%, more preferably at least 90%, more 
preferably at least 95%, more preferably at least 98%. more preferably to 
substantially 0. y 

Also preferred is ma, toe skatole content o, manure is reduced. Skatole In manure 
can be picked up through me skin when the animals iie In or roil in me manure 
Hansen e, el.. ,994). Some animals lie in manure to be cooled in the summer, this 
especially concerns pigs. By this comae, between skin and manure the skatole is 
abso*ed through the skin and further transported to the blood. fat and meat In mis 
way tm skatole content in animals can be too high and influence me mea, quanty 

e*,LT TT?"* ^ ras,ra,ed m * e pifls ° b,a,n a 100 «*«' - 

skatole ,n me blood, to, and mea, e.g. by uptake through me skin (Hansen e, al.. 
1994 . ,995). Reduction o, sketoie somen, o, backfa, and meat of female and 
castrated male pigs are preferred. 



P 738 DK01 

26 



The chioonr ,00, produc. also has an eflec, on fama(e and cashed male anlmale 
resutong In a reduction ot skatole content of blood, fat and meat too. 

Androstenone 



The .nventors have surprisingly discovered that the amount of androstenone In the 
blood might be significant lowered by feeding animals with the chicory root product 
thus another aspect of the invention is a method for reducing the androstenone 
content in meat and/or fat and/or blood said method comprising feeding to an animal 
a chicory root product for at least two days. 

Preferred is that the androstenone content is reduced by at least 10% more 
preferably at least 25%, more preferably at least 40%, more preferably at ieast 50% 
more preferably at least 75%, more preferably at least 80%, more preferably at least 
90%, more preferably at least 95%, more preferably at least 98%. 

Preferred is that the androstenone content In blood, meat and/or fat is reduced to 
below the human off odour/flavour sensory threshold around 1.0 ppm in backfat. 
However, the off odour/flavour sensory threshold is different from one person to 
another. Furthermore the off odour/flavour sensory threshold is unknown when 
skatole concentration is nearly zero. 

It is further preferred that the method as described is used until the animal is 
subsequently slaughtered. 

The aspect of the InvenUon comprising a method for reducing the androstenone 
content in meat, and/or fat and/or blood can be combined with any characteristic of 
animal and chicory root product as described elsewhere herein. 

Sensory characteristics 

Another aspect of me Invention la a method for improving the odour, flavour, tasta 
and aftertaste of meat from a human sensmy perspecflve in retation, said method 
compnsmg feeding to an animal a chicory root produc, .or at leas. .*o days pnor .0 
slaughter. r 
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The improvement of sensory characteristics comprises reduction of sensory 
characteristics classified as: Piggy/Animaly-odour, Meat/Gamey-odour, Cardboard- 
odour. Unseed oil-odour, Sweet-taste. Salt-taste. Piggy/Animaly-flavour, Cooked 
ham-flavour. Fresh cooked pork meat-flavour. Cardboard-flavour. White pepper- 
flavour. Pork fat-flavour. Uctic/Fresh sour-aftertaste, spicy heat aftertaste. 
Chemical/medicinal-aftertaste. Fatty mouth coating-aftertaste. Unacceptable. 

Also the improvement of sensory characteristics comprises increasing the relative 
levels of the sensory characteristics classified as: Fresh cooked pork meat like- 
odour, Sour-taste, Bitter-taste. Metallic-flavour. Meat/Gamey-flavour, Herby-flavour 
Sp.cy-flavour, Lactic/fresh sour-flavour, Astringent-aftertaste, Acceptable. 

Reduction of malodour is of interest in production of animal wherein the animal is a 
ruminant such as cattle, buffalo, sheep, and goat. 

Also improving the odour, flavour, taste and aftertaste of meat is of interest in animal 
production where the animal is a monogastric species. 

It is further preferred that the monogastric animal is an animal used for meat, such 
as pig. poultry, rabbit, hare, more preferably wherein the monogastric animal is a 

pig. 

The aspect of the invention comprising a method for improving the sensory 
characteristics as defined above in odour, taste and flavour and aftertaste of meat 
from a human sensory perspective can be combined with any characteristic of 
animal and chicory root product as described elsewhere herein. 

Stable malodour 

Another aspect of the invention is a method for reducing malodour, said method 
comprising feeding a chicory root product to animals for at least two days. 

Reduction of malodour can be caused by a relative reduction in skatole and/or p- 
cresole and/or indole in the gastrointestinal tract of the animal. 



P738DK01 



28 



Mtton of matedour directed ,o the environment especially in areas where 
human, are nving has bean performed by „ as men „ oned 

W«h the ch,c«v root product as food for the animate, me reduce „, malodour „ 
obtained by agination of the probtem at ma source, that is by avoiding the 
product™ of the offeree-smelling compounds or reducing the amount of said 
compounds to a level, which b no. perceived as a malodour by humans. Hereby 
expensive equipment to reduce the malodour tarn ma air e.g. Irom stoblea before 
emission to the surroundings, can be avoided. 

Reducton of malodour is caused by a relative increase in me amount of 2-pentanon 
and/or ethylbutyrote^d/or propylpropionate and/or prepylbrrtyrate and/or butanoio 
acid a-methyl-ethylester in the gastrointestinal tract of the animal. 

Reduction of malodour is of interest In production of animal wherein the animal la a 
ruminant such as cattle, buffalo, sheep, and goat. 

Also reduction of malodour is of interest in animal production where me animaf te a 
monogastric species. 

II Is preferred that me monogastric animal te a furred animal, such as mink, fox 
muskrat, rabbit, hare. wolf. 

It Is further preferred ma. me monogasWc animal is an animal used for meat such 
-, Pig. Poultry, rabbit, hare, more preferably wherein me monogasWc animal la a 

Reduction „, malodour can ^ ^ ^ ^ ^ ^ 
surroundings. The surrounding is most influenced when ,he animal is indoore 
according to ma invention prefened is wherein me malodour te stable malodour and 
me animal ,s kept In a stable. Prefened te when me malodour te manure malodour 
and the manure originates from animate fed with the chicory root product. 

o B 2t 9 r'° dOUr h manUre MUenCeS ' hS """"»» ■» and 
outooors. When manure Is colfected and stored e.g. In slurry tank, until „ can be 
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spread on land or field, malodour from the slurry tank is possible, also when 
spreading the manure or slurry on the fields malodour often occurs. Feeding the 
animal with the chicory root product reduces these malodour problems. 

The aspect of the invention relating to a method for reducing malodour can be 
combined with any characteristic of animal and chicory root product as described 
elsewhere herein. 

Infections 

Another aspect of the invention is a method for reducing the amount of infections of 
the gastrointestinal tract in a non-human animal, said method comprising feeding to 
a non-human animal a chicory root product for at least two days. 

Reducing infections of animals is an un-expected effect of the chicory root product, 
and it reduces the need for administering medicines to the animals such as 
anthelmintics. This is especially important in organic production systems. Both in 
organic and non-organic production systems the use of chicory root product as feed 
will increase animal welfare. The chicory root product is a cheap alternative to the 
medicines. 

Preferred is a method for reducing the amount of infections of the gastrointestinal 
tract, where the infections are parasites. 

Further preferred is a method for reducing the amount of infections of the 
gastrointestinal tract, where the parasites are worms. 

One way of measuring reduction of infections is when the reduction is a reduction of 
the number of eggs in the animal faeces. 

Preferred is reducing the amount of infections where the infections are 
microbiological infections selected from Coli, Salmonella, Campylobacter and 
Yersinia. 
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^ s .^ rasu , s , and ^ n ^^ ransOT . aMrrtW);ne//as() ' ^ 

The aspect of the hvenSon comprising a method for redudng U» amount of 
Weatons of the gasuomte^a, tract ,„ a non-human anfma, can e^nTjh 
any charade o, anima, an. cHeory too, product as described etseTeHTn 

£T"? 01 ^ ' nVen,i0n COmpriS ' n9 USe * *»* >«* as a feed product for 
The aspect of .he invent.cn comprising use of chiccy roots as a feed product for 



The aspect of me invention comprising use o, chicory roote for p rep aring a product 

^^ir - - - —ad * any cha.lL £££ 
product as described elsewhere herein. 

Another aspect of the invention is a use of chinon, , 
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The aspect of the invention comprising use of chicory roots for preparing a product 

h of ; katoie content * * - be * ** ~ stfc 

chicory root product as described elsewhere herein. 

Another aspect of the invention is a use of chicory roots for preparing a product for 
reduction of androstenone in pigs. 

The aspect of the invention comprising use of chicory roots for preparing a product 
for reduct.cn of androstenone in pigs can be combined with any characteristic 
chicory root product as described elsewhere herein. 

Another aspect of the invention is a use of chicory roots for preparing a product for 
reduction or prevention of gastrointestinal tract infections in pigs. 

The aspect of the invention comprising use of chicory roots for preparing a product 
for reduct,on or prevention of gastrointestinal tract infections in pigs can be 
combined with any characteristic chicory root product as described elsewhere 

Examples 
Example 1 

colon contents of pigs 

Alcohols and careoxytic acids are compounds w» reMve* negative odour 
imp™. Whan ateohols and catboxylfc aclds react pteasan, smelling asters are 
created and res*, can be a less offensive odour Impact This can be illustrated 
by the reaction between ethane, and butyric add. which resufte l n ethyfbutyrate. or 
by the react™ between propanol and butyric acid, which results In prepylbutyrate. 
Animals and feed 

The Win content of chicory reots (variety Orgies, for me pig odou, experiment 
was 15 A on we, basis and the content of feed un«s for pigs was 27 W p (pigs) per 
100-kg ch,cory roote measured ^ ^ ™° ^ 
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experiment is a subset of an experiment, which consisted of 4 treatments each of 
eight pigs. The 32 pigs (16 intact male and 16 female pigs) were kept in litters of 8 
pigs and fed 100 % organic concentrate and semi ad libitum grass silage until 10 
December. From 10 December, the 32 pigs were distributed to the four treatments 
according to litter and sex in individual pens. Treatment 1 and 3 were selected for 
the present odour study as they represented the extremes of the treatments (Table 
3). Treatment 1 was a (conventional) control group given 100-energy % organic 
concentrate and no roughage from 10 December until slaughter. Composition of the 
organic concentrate diet during the whole experiment was (g/kg): 145.6 rapeseed 
cake, 240.0 peas organic, 223.0 wheat organic. 220 barley organic, 50 oat organic, 
100.0 GMO-free toasted soybeans, 2 Sv.vit-41 1 organic, 3.75 salt, 12 limestone and 
3.63 monocalcium phosphate. The concentrate diet contained 8.57 MJ net energy 
(1.11 feed units (FUp)) and 149,7 g digestible protein per kg food. The 25 % 
blended organic chicory roots on energy basis plus 70 % organic concentrate were 
given from 10 December until slaughter of treatment 3. 

Finally, 16 male pigs were slaughtered 11th and 16 female pigs 13th February 2002 
for measuring meat and eating quality as well as parasites. The pigs ate the high 
amount of raw and bitter blended chicory roots without problems after one week of 
adaptation by giving individually increasing amounts of chicory roots during the first 
week. 

The raw GC-MS areas in Table 1 and Figure 1 show that feeding pigs with the inulin 
containing chicory roots the fermentation pattern in the colon is shifted from protein 
fermentation to carbohydrate fermentation. The result is a change in composition of 
odorous compounds from the obnoxious protein fermentation products as p-cresol 
and skatole to the less offensive esters. The PCA-plot also confirms that the 
fermentation product pattern is well separated and mostly controlled by p-cresol and 
butyric acid. 
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^jg^tegS^ g^dc^poands from the cofon in chicory roots 

V3 



Treatment 



Food 
components 



100% organic 
concentrate 



70 % organic 
concentrate pfus 25 
% chicory roots 



Significant (Factorial 
difference ratio 
between between 
treatments treatments 

P-value ^ 




Zh^, .T* impression of a mixture °* «~* * - 

"1 f - fc «»»«* in ■» «*»«. -me of tho cempounds can have a 

TZ T1Z ° d ° Ur ' mPre8Sfon ^ '° ' he,r toW ,hreShold «W«on 
to the mreshoid values of .he odouroua compounds the odour quaifly of ihe 

= s ^ he ^ into MnsiIteraBon . ^ odour ; 

can change oy concemraHon e.g. skaioie has a pieasan, flower-like odour a. very 
fcw concenuaflons whereas .he sanre compound is nauseating a, NgheT 
ooncentraflons. in conhes, sonte groups of have a ' 

odour descdpflon. even a, higher c^cenflaflona e.g. este*. which 2^ 



10 
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frurty odour notes. By dividing the raw GC-MS data by the odour thresholds of 
selected compounds we try to illustrate the impact of odours with widely different 
odour thresholds (Table 2 and Figure 2 and 3). As the reported values in the 
..terature of odour thresholds can vary wide,y the Figures 2 and 3 is illustrating the 
extremes. By incorporating the odour thresholds in the raw data an illustration of the 
•mpact of sensory impression of the mixture is created, in contrast to the individual 
compounds. In both figure 2 and 3 the chicory fed pigs are more confined than in the 
raw data, in contrast to the control fed pigs, which are more scattered. The chicory 
roots are therefore able to control the production of odorous compounds in the 
colon, and effectively turn the fermentation from protein fermentation to 
carbohydrate fermentation. 

Table 2. Odour descriptor and odour thresholds in air of chemica, 
compounds. 



Dimethylsulfide 
(methylthiomethane) 
2-Butanon 



Acetic acid 



Acetone, varnish (1) 



Vinegar (1) 



2-Pentanon 
Uimethyldisulfide" 
methyldithiomethane) 
1-Pentanol 



2-Methylpropanoic acid 
(isobutyric acid) 



Odour descriptor 

Cooked vegetable, 
hydrogen sulfide (1) 



Odour jOdour 
threshold air [threshold air 



garlic, 



0,002 



0,75 



250 



0,025 



Jasmine, Geranium, varnish 
(D 



Decayed vegetables (3) ' 0,003 



Alcohol, medicinal (1) 



0,1 



Ethylbutyrate 
(Ethylbutanoate) 



Sweaty, bitter, sour(1) 
sweetish' 



ropylpropionate 
(propylpropanoate) 



Butyric, acid (butanoic 
old) 



Butter, 
perfumed (1) 



0,00072 (3) 



apple 



Complex fruity odour (apple 
banana) (2) 0 ,23 




0,65 



76 



0,0072 (3) 



0,13 



0,029 



1100 



0,28 



0,26 
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Butanoic acid,2-methy|. 
.ethylester (*) 
Propylbutyrat 


Pineapple, apricot (2) 






3-Methylbutanoic acid 
(isovaleric acid) 


Cheese, sweaty (1) 


0,005 


3 


Dimethyltrisulfide 
(methyltrithiomethane) 


Fresh onion (2) 


0,0073 


0,0073 


p-Cresol (4-methyl- 
phenol) 


Phenol like (2) 


0,00005 


0,04 


inuoie 


Floral (highly pure) otherwise 
fecal (2) 


3,0006 


0,0006 


3-Methylindole 


Fecal (high concentration) 
loral (low concentration) (2) 


),00035 


).1 



(1) : Meilgaard, 1975 

(2) : Fenarolfs Handbook of Flavor Ingredients 3 Ed 
1995 

(3) : Zahn et al. 2001 

C) Ethyl-2-methylbutyrate is mentioned in Fenaroli's 
but not with odour descriptor. 



tenbreijer, 
1977 



ta^ta to , he „ me Ktoroua 

zzzzz r, produo " on - a — ^ «— - 

™ cTttT H T re8Ul,S P,0dUal0n 01 ^ ** ** *<**■ Higher 
amount of short cha,n fat* adds reduces the pH. This reduction has a posL 

nfluenoe on the retenHon of ammonfc in the faeces and manure iT^ZTl 

"nr ir rr:r *• an ° ,n ^ *«• ^ * ^ 

1999 Su«o„ e, af. 1999). The ammonia emission Is further reduced as me bacteria 
ch,con, mots. Furthennore. as the bacteria gro»v me nitrogen win be used for 

%z : ~ * : e "~ - * «-!- « — - 

proauction ot ammonia or odorous compounds. 
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It is not necessary to completely eliminate the presence of nrt*.., 

»e co,o„ o, pigs „ roduca me odour ^ ^ Z^o'n 

The amoum of chwxy roots necassan, for a suffloiant reduction of odouroua 
compounds h «» coton contenU o, pioa romains therafora to ba datarlatZa 
amount of ch icory roots necessaiy fw ^ f *• 

matnod w ba mora cos, anectiva. ,n addKon ,o fna oJLZl^ £ 
*=ory roota have ,o,^n g benefit Easy to grow „ ^ ^ £££ 
s^ma can ba handiad by etymon, used for other cropa as sugar tZ TTn 



Table 3. Experimenta. design for the Una. feeding period of the 2 treatment. 



Treat- 
ment 


No. of pigs 


1 


8 

4 female + 4 
male 


3 


8 ~ 

4 female + 4 
male 




70 % Organic concentrate 
+ chicory roots (25 %) from 55 



Chicory roots 
(2.6-3.0 kg per 
from 55 kg 
slaughter 



day) 
until 



Collection of samples and sample preparation 

cTtd ,y r r S ' aU9hter ' ^ 9aS ~ naI («'T) was removed and the 
~mr m ^ S6Parated ^ ™ * *• 3.T. The contents from co on 
and rectum was quantitatively transferred to a basket and mixed so a representative 
sample could be obtained. The samples were stored at -20°C b<T r6pr * Sentat ' Ve 
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wrth addition of 3 mi saturated NaCI, the samples were mixed and stored at -80°C 
before analysis. The saturated NaCI was added to increase the transfer of voiatiies 
to the gas phase end to stop further microbial activity in the samp,es. On the day of 
analyse the samples were transferred to an oven hold at 40°C (approximately the 
body temperature of pigs) and thawed and equilibrated at this temperature for 25 
m,nutes with occasions, shaking to increase the transfer of voiatiies from the 
med,um to the headspace. For extraction a solid phase microextraction (SPME) 
fiber (75 M m polydimethylsiloxane/carboxen, Supelco) was exposed to the 
headspace for 1 minute and immediatety transferred to the injection port of the gas 
chromatograph for desorption. 

GC-MS measurement of voiatiies 

The gas chromatograph was a Varian mode. STAR 3400 CX. The column was a 
HP5-MS (Agilent) 30 m long, 0.25 mm internal diameter and with a 0.25 urn film 
th.ckness. Injection temperature was set to 250°C and the column temperature 
program was as follows: Hold at initial temperature 35°C for 10 minutes, then 
increase to 130«C with 3°C/minute, finally increase to 250'C wfth a rate of 
40 C/minute and hold at this temperature for 5.34 minutes. The carrier gas was 
hel.um with a linear flow rate of 29 cm * at 35°C, the samples were run one at a 
time to secure the samples were treated in exactly the same way. The temperature 
of the transferee between the gas chromatograph and the mass spectrometer was 
set to 275 C. The mass spectrometer was a Varian model Saturn 2000 operated in 
electron impact mode, with the foilowing settings: detection mass range: 35 to 300 
m* mumper voltage: 1800, axia. modulation: 4V, trap temperature 200°C; and 
manifold temperature of 52°C. 

Identification 

N'sTrpZrK"" ^ C ° mPariSOn Standard <™ 

NIST/EPA/NIH or by comparison with spectra from original standards. 

Statistical analysis 

The statistical anaryses were carried out with the Statistical Analysis System version 
8.2 (SAS institute, 1999-2001 by SAS Institute Inc., Gary, NC, USA). The GLM 
procedure was used to calcuiate the least squares means and standard error of the 
means for the odour impact compounds from colon. The models included the fixed 
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effect of diet, sex and animal replicate (litter) as well as interaction between diet and 
sex (model 1). 

Y = y + Qdisi + bii„ er + c SBX + ac* BVsex + (model 1) 

Y = dimethylsulfide. 2-butanone, acetic acid, 2-pentanone, dimethyldisulfide 1- 
pentanol, 2-methylpropanoic acid, ethylbutyrate. propylpropionate. butyric acid 3- 
methylbutanoic acid, propybutyrate. ethy.-2-methyl butanoate ethylester 
dimethyltrisulfide, p-cresol, indole, and skatole. 

The raw data of the GC-MS areas of the odour compounds as well as values 
corrected for low and high threshold values were analysed by the GLM- model 1 to 
investigate the effect of the two diets. 

Principal component analysis (PCA) were carried out also using the data of the raw 
GC-MS area, as well as data corrected for low and high odour threshold, to 
mvestigate the effect of the two diets. Full cross validation (leave one out) was 
apphed. Data analysis was carried out with the software The Unscrambler version 
7.8 (Camo AS, Oslo, Norway). 

Results 

Table 1 show the peak mean area of GC-MS analyses of selected odour impact 
compounds found in headspace over the colon samples. The compounds 2- 
pentanone, ethylbutyrate, propylpropionate, butanoic acid, ethyl-2-methylbutyrate p- 
cresol, indole and skatole show significant deference between the two treatments 
The esters, which have relatively pleasant odours, are increased in treatment 3 
(factorial difference below. 1), whereas the malodorous compounds, p-cresol, indole 
and skatole were decreased in treatment 3 (factorial difference above 1). 

The amounts of odour-active compounds found in colon contents does not give a 
reahstic impression of the odour intensity of the mixture as the various compounds 
can have very different odour thresholds and odour descriptors. Table 2 shows 
odour threshold values and odour descriptors of the selected compounds found in 
colon contents. The relative odour activity of the individual compounds can be 
calculated by dividing the area of the compound with the odour threshold. Thereby 
can a compound, which is present in low amount result in a high odour impact if the 
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odour threshold Is bw. The relative "odour-activity" of the two experimental 
treatments can therefore be compared. It has not been possible to find odour 
threshold values for ethy.-2-methylbutyrate and propylbutyrate they are therefore 
omitted in the calculations. 

Figure 1 shows the PCA analysis of the dataset from the raw data Treatment 1 
(control) and treatment 3 (chicory addition) are clearly separated wKh no overlap 
between the treatments. The first principal component (x-axis) is controlled by p- 
cresol (protein degradation product) whereas the second (y-axis) is controlled by 
butync acid and propy. propionate which both are degradation products of 
carbohydrate. 

The raw data does not give an impression of the odour of a mixture of volatile 
compounds, as the compounds can have widely different odour thresholds. The raw 
data was therefore divided by the odour threshold values found in the literature 
Gemert and Nettenbreijer, 1977 and Zahn et al. 2001). The values found in the 
hterature wary widely, the lowest and highest values have therefore both been 
apphed to give an impression of the effect on the potential odour impression. Figure 
2 shows the PCA-analysis of the raw data divided by the low odour threshold values 
to give odour-activity corrected values. The two treatments are clearly separated 
and the clusters of points are more confined, especially with the pigs given a diet 
containing chicory. The first principal component is controlled by p-creso. whereas 
the second is controlled by butyric acid. 

Figure 3 shows the PCA-analysis of the raw data divided by the high odour 
threshold values. The pigs fed control diet are more dispersed and overlap the 
chicory fed pigs. In contrary to the controls the pigs fed the chicory diet are highly 
confined. The first principal component is in this case controlled by indole (protein 
degradation product) whereas the second is controlled by dimethyl disulfide, 2- 
methyl propanoic acid and to a lesser degree dimethyl trisulfide (all protein 
degradation products). 
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Example 2 

-n..«ence of chicory roots onboar Wn| (skatole arid andreslenone> ,„ p|gs 
Methods 

Animals and feed 

in m. an inCh-rich vanety Orcbies of chico* (Oohor,™ infybus L. „ar. Ochies. 

XITJ^ ITT °"- Fbulim ^ *- °* - w r n 

« °r oTriroi^ 2001 ' - inu,,n 

and contained 2 n m i , * "™ arol " ld 150 8 («r kg feed 

plTrTr I feed o, h ^ ' a27 ^ "* <FUp " and • 
^ h „, * r0O ' S - ^ Pl9S 8,6 *" hi9h amount * ^d bitter 

r " (,,Dm "*° k9 *» *-* *. expedntenta, period, £ 
« .promts attar one wee, of adaptation by giving WMduaay increasing anto^s 
of chicory roots during that week. . amounts 

The first of two pig experiments began on the 5 th November 2om th- 
— - » entire maie and 20 femaie ZZZJ^IZZ 

kept in ,mere and fed 100 ~« % ^ 

Tolni T 6 7 ^ 1 " 0) ^ ad ,ibftUm * rass ^ Composmon of 

seed cake. 240.0 peas organic. 223.0 wheat organic. 220 barley organic 50 L 
organic. 100.0 GMO-free toasted soybeans 2 Sv 

stone and m , • soyDeans « 2 Sv.vJt-41 1 orgarnc, 3.75 salt, 12 lime- 

stone and 3.63 monoca.cium phosphate. The concentrate diet contained 8 57 MJ 
net energy (1 .1 1 fee d units (FUp)) and 149 7 a dfn~t.h,„ , • ned 857 MJ 
. * 9 dl 9 est| ble protein per kg food All 40 

pigs were then infected with a sDecrfie n fl r a *»* : 

u wiui a specmc parasite in the period between the m« 

me 10 Decemberdueto the parasite experiment 

a^sex 6 , T D6Cember ' ^ ^ Pi9S — d,S, * U,ed a ~°"*"9 <° *— Ml Wer 

,1 ? r "* m inc " vldua, « Tab,e 4 >- T ~' < a" 

-o^r^T^rrrirnr^' 1 

- energy % o„ ank! a „ d ^^T^'^-^ 

oer « siaugbfer. Tba 25% biended ctrfccy too. on energy C Z 
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ztlt, " re 9iven ,o " ea,n,en, 3 ,rom 1 °" Decembe ' « - w 

However, the M wee, „, pjgs had , o (q ^ - 

gn-en » energy % ^ ^ ^ ad ^ ro ^~J 

.he p,gs tncrcased «he intake of ^ ^ (adaptafon nu ^ 
^ „ lreatmen , 4 , ^ Wended ^ ^ 

J^lTf ^ W6re °" ' he 6 " ar * * De -"*- « 4- and 

L ITT ,T * " W9 ~* Slau ^- accord- 

13 Feon^ 2002 in order ,o measute ska** In badda,. and a serZc^ 
evaluated eating ouaiily (sea Tabie 4). After one v»ek o, adaptation „ J££ 

ZT T Tk * 1,00,8 WW, ° Ut Problems - The -» ^d pto- 

«e after me one^eek adaption padod a, kg ohico^y par day Iron, 
of ireaftnen, 3 and flnaliy 3.0 kg per day during „ fina j ^ week8 „, 

ZL r V T ^ ^ — » -—is n^ In 

earned ou, and anaiysed. Furthem,o re , several addltonai measurements have 
been anavsed e .g giycogen. ddpfcss, pH . tempore, M ino«a cotour vaC L- ~ 
b in W. long, dorsi and fatty acids. 
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live weight (9 weeks). 0ry r ° 0tS f ° r drf,ere "t periods from 55-120 kg 



Treat- 
ment 



1Non 
Bioactive 
Control 



2 

Silage 

3" 

Chicory 



4 

Chicory/: 
Silage 



No. of pigs 



8 

4 females + 
4 males 



8 

4 females 
4 males 
8 

4 females 
4 males 



: 8 

4 females + 
4 males 



Food composition and energy level 
compared with 1 00 energy % ac- 
cording to scale (55-1 9n k q \ 

•in Ao/ . : — : 



100% organic concentrate 



Bioactive food 



None 



95% organic concentrate + ad lib. clo- 
ver-grass silage 

70% organic concentrate + chicory 
roots (25%) from 55 kg until slaughter 



95 /o organic concentrate + ad lib. clo- 
ver-grass silage from 55 kg until 4 
weeks before slaughter 

70% organic concentrate + adaptation 
to chicory roots from 4-3 weeks before 
slaughter 

70% organic concentrate + chicory 
roots (25%) the last 3 weeks before 
slaughter 



Clover-grass silage 
from 55 kg until 

slaughter 

Chicory roots (2.1-3.0 
kg per day) from 55 kg 
until slaughter 



Clover-grass silage ad 
lib. from 55 kg until 4 
weeks before slaugh- 
ter 

4-3 weeks before 
slaughter, adaptation 
to chicory roots 

chicory roots (25%) 
(3.0 kg per day) 



Statistical analysis 

mZTTZT" "~ **" A™* 8 " •«*- version 

8.2 (SAS mstoute. ,999-2001 by SAS Institute Inc., Cary. NC, USA). The GLM 
prccadure was used to calculate «. , east ^ means ^ ^ Qf 

means for the odour impact compounds from colon. The modets included the fixed 

IT^" reP " Cale ( ' i,te " 33 1,611 as interacli °" — and 

sex (model 1)-. 

Ysp + a^ + bato + Csex + aCdto^ + e™ (model 1) 

Y = skatole in blood and backfat and androstenone in blood. 

Results 



, " 9 25% * tay P ' US 70% «-»•* «"«*«. for a tong 
Plasma from Kana/ugufa* and sktfole from oaokfat. and meat and eating qua.it. 
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have been compared with results of me ,„„ ^ 

game concentrate (treatment „ or 95% organic concentrate plus dover grass silage 
(treatment 2) (Table 5 to Table 8). « ver grass silage 

After one week of adaptation, i, was possible te teed 25% minced chicory mots and 
70A concentrate on energy bases without preblems during the ft,^ peifod from 
SS kg live wagh, until steughter around 120 kg. .n the final period, the pigs ate 3 kg 
minced chico* reote. Some of .he pigs found me chicoiy so palatable tha, they ate 
the chicory before the concentrate. 

Irrespective of sex end experimental period, all chicory-fed pigs showed skatole 
concerns in bac*fat (after 8 and 3 weeks) and sKatole concentraftons in btood 
Ptasma (after 7 and 2 weeks) which were not significantly different from zero in a 
statical GLM analysis in SAS (see Table 5. 6. and 7). A decrease in the 
andrestenone level in treatment 3 compered with treatment 1 seems to be 
stgnfflcam, when the resulte are coneced by the coveriate andrestenone in blood 
jus before the feeding experiment started. More Importantly, none of the chicory-red 
male p,gs showed andrestenone results above the critical limit for off flavour frem 
andrestenone as opposed to some of the conuol-fed mate plg, in treatments 1 and 
2. which also had sketote concentrations above the oft odour fimft of 0.20 ugfg i„ 
backfat (see table 8). 

TSbte 8. Skarete In backfat , M3 , g) according ,o freaftnen, and sex (Mean and 
Std. Dev.) (Fjern de Ikke slgnlfikanfe decimaler) 



Treatment 


Sex 


N 


Mean 


. Std. dev. 


1 


Male 


4 


0.115 


0.04358899 


1 


Female 


4 


0.05 


0.02828427 


2 


Male 


4 


0.1325 


0.11176612 


2 


Female 


4 


0.0375 


0.02217356 


3 


Male 


4 


0.0125 


0.005 


3 


Female 


4 


0.0125 


0.005 I 


4 


Male 


4 


0.0175 


0.00957427 


4 


Female 


~4 


0.01 


0.00 
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TabteCSkatoie i„ backtat (M g/ g) (lsmeans an d etror) 



LS Mean 



_Std. error 



001473797 



<.00Q1 



<-0001 




2StS£t!^*Sls SSSSESJT' male and «• an - 

male and 16 female finishing pJgT* P ' 9S #"* some P«*°'mance results in 16 
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33 



43 



57 



11.02.02 



11.02.02 



11.02.02 



11.02.02 



13.02,02 



+silage 



70% Cone. + 25% 
chicory 



70% Cone. +25% 
chicory 



70% Cone. + 25% 
chicory 



70% Cone. + 25% 
chicory 



70% Cone. + 25% 
chicory 



mala 



mala 



male 



male 



female 



113 



134 



115.4 



112 



113.8 



0.01 



0.02 



0.01 



0.01 



0.01 



0.19 



0.02 



0.1 



0.07 



0.05 



59.1 



57.4 



59.8 



59.8 



58.7 



6.1 



16.1 



11.9 



18.5 



15 



13.02.02 



70% Cone. + 25% 
chicory 



female 



116.5 



0.01 



20 



13.02.02 



70% Cone, + 25% 
chicory 



female 



119.3 0.01 



0.16 



31 



13.02.02 



70% Cone. +25% 
chicory 



female 



97.8 



0.02 



0.07 



60.4 



60.8 



62.5 



58 



11.02.02 



70% Cone. +25% 
chicory 



maie 



108.4 



0.02 



21 



11.02.02 



70% Cone. + 25% 
chicory 



male 



120.3 



0.01 



0.12 



35 



11.02.02 



70% Cone. + 25% 
chicory 



mate 



122.4 



0.03 



0.24 



49 



11.02.02 



70% Cone. + 25% 
chicory 



male 



116.8 



0.01 



0.05 



59 



13.02.02 



13 



13.02.02 



70% Cone. +25% 
chicory 



female 



118.7 



0.01 



0.11 



70% Cone. + 25% 
chicory 



female 



133.9 



0.01 



0.1 



23 



13.02.02 



70% Cone. +25% 
chicory 



female 



115 



0.01 



0.24 



51 



13.02.02 



*) Treatment 4 got 
Treatment 3 got 25 



70% Cone. + 25% 
chicory 



female 



0.01 



0.18 



60.2 



59.0 



59.1 



60.3 



60.1 



59.2 



60.3 



62.3 



10.2 



14.7 



13.7 



10.3 



25 % chicory roots the last three weeks before slaughter, while 
% chicory roots the last eight weeks before slaughter. 
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Example 3 

The effect of Cichorium fntybus on helminth Infections In pigs 
Animals and infection 

Five groups of eight parasite naive pigs (four inte* mates and four females) were 
■nfectod with 3000 Oa S£vha90stomum _ ^fT*"" 
were on a ale, o, restricted concent + ad m flrass ^ ^ J £££ 
later one group OnfecSon com™, flro up, was slaughtered to assess if mTZnt 
had deveteped .0 fte adul, stage and ,0 estate worn, esteblishmen,. 2 ZZ 
« *. .remaining tour gioup8 TOre mowd „ ^ ^ ^ * ~ 

*ed. Two groups continued on the ooncen^ate + grass stage dter. white «. oTe, 
hvo groups were gwen eS her concent ♦ shredded ch^ Ji^Z *ic- 
onf group, g weeks, (CfcnortJm , n(y6us L var . J J noen ^(l. 

ventona, oon.ro, group,. Five weeks later one of the concenL ♦ graTa^e 
groups had me s»age ohanged ,0 chkx*y (shod term cn ^ group ZZTZ 
-end gtoup remained on me conoen^te t siiage die, .o^anic LT" 
*e end o, ,he expenment The surviving p,gs were infected a second *» L j£> 
O. dematum and «h 3000 /tecads suum eggs hvo weeks befo* slaughter foTwT 
ZTJT was done to examine me e«ec of die, on both estebC 1 7Z 
Llir r " S ' aU9hter ' *" ^ure woni 

The pigs used In the experimen, wem conventionally reared, bu, ai, experiment 
/o/a and 25/o of the daily energy Intake was based on concentrate and .hi. 

o bodvwe.gh, onoe a week. The piga ,ed chicory were adapted to ,he b«er teste of 
me roo, by mcreasing ,he chk»y p^on ,0 ,he deeimd 25% during ,he £Z1 

sZ^TZT T*" « ^ **** ~" "» -Un. ohC 
g-oupatea., Kgtootsanda,*,eend,heywillinglya,eupto3.0kg P erday. 

s^z?"" it an,ma,s "~ ^ w - — — 

McMaster techmque (Nansen S Roepstom, ,998). Both species o, parasite were 
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™ d 9 £ m ^ lnt6Stlna ' «""* - agar-ge, technic^ (Siotved e, a,, 

~r d r ySed K r " ^ dif,BrenCe ^ 9 ™> S * - Kruskall 

1 «1 " ^ indlVidUa ' 9rOUpS b * the Ma ™ ™*ney test us- 

ing the software GraphPad Prism 3.0. 

Results 

At ataflhter 4 weeks post lnfectlon the ^ group ha(J a 

bun*„ (lSD) 0| ^ ± 748 . „ ^ ^ ^ a ^ o( e 

£Z y T*" ™" popula,lon °' adu ' " d ™ a,ure °- — ^ — 

an the pigs at the end of the experiment 

Ten day. after me ,n,reduc«on of chicory, the long-tern. chico* group showed a 
targe and rap* reduction in egg excreta compared to the other groups (Figure 4) 
Though mcreasing siightly. the egg counts remamed a. a low ievei during me ,1 
ma«n s , part o, the experiment. Though a decrease ,n egg products was 1 seen 
n m^hort-tem, chico* g roup , bo m confto, grou ps aJso showed sWiar decreases. 

mTri e "!! eXCrefon C ° nVen9ed ** 811 ' 0Ur 9TOJPS ,owarels Mato o. 
*e study. For me first 2 * weeks after me mm die, change the organ* centre, and 

start tem, ch,co„ greup (bom fed concsnhate and grass stage in mis period) had a 

higher egg exraeflon man me conventions. cont ra , group, overal, .here were un- 

usuaiiy fcrge fixations in me egg excretion. Al eggs were produced by me adult 

the second infection dose did not fully mature. 

^Vf? 9,<Pertmen, WM "° a " lBKnCe in me populations of 

oared to m " "» ^ ^ (See ™>"> ** '« ~ com- 

pared to me organ* control group, significantly less worms were able to establish in 

the .mestae ,n bom me short <p=0.04, and Icg-term chicory (p-0.002, groups. On* 
me long-tem, chicray greup differed from me conventional con.ro. group (p-0.015) 
T^e was « e bawee „ ^ ^ ^ ^ 

1 it an^ r ,k ^ C ° n,rol * e pert *" - - ~ 

w«h 19 * and 33% ,„ the short and long-tern, oh^ greups. respecffvely. For both 
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the infection and conventional control group there was an unusually large variation 
in the establishment of O. dentatum. 9 

Overall, there was a statistical difference between the A. suum larva, counts (Table 
10) between the groups (p=0.004). This is primarily due to a significantly sma.ler 
recovery of A suum in the long-term chicory group compared to both the conven- 
tional .(p=0.002) and organic control group (p=o.o09). , n addition, the short-term 
chicory group was close to being significantly different from the conventions 
(p=0.054) and organic control group (p =0 .053). No other differences were found At 
slaughter four out of the eight long term chicory pigs had a total of 10 adult A. suum 
(5-15 cm) and one pig in the short term chicory group had 1 A. suum (3 cm) All 11 
worms were older than two weeks and thus not derived from the experimenta, infec- 
tions dose. 



Generally the pigs had varying degrees of diarrhoea in the early part of the experi- 
ment when they were first infected, but production results were satisfactory and 
.dent.cal in all groups, the pigs increasing their mean bodyweight from 55 kg to 120 
kg during the experiment. Analysis of the chicory roots showed an inulin content of 
approximately 1 50g/kg fresh root. 
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Table 9. Diet composition for five groups of pigs. The proportion of feed type 





Week post first infection 


Group 


-4-0 


0-5 


5-9 


Infection 
control 


100% concentrate 
semi ad lib grass 
silage 






"Conven- 
tional" control 
with organic 
concentrate 
minus rough- 
age 


100% concentrate 
semi ad lib grass 
silage 


100% concentrate 


1 00% COnnpntrato 


Organic con- 
trol 


100% concentrate 
semi ad lib grass 
silaqe 


95 % concentrate 
semi ad lib grass 
silaqe 


95 % concentrate 
semi ad lib grass 
silage 


Chicory, 
short term 


100% concentrate 
semi ad lib grass 
silaqe 


95 % concentrate 
semi ad lib grass 
silaqe 


70 % concentrate 
25 % chicory roots 


Chicory, long 
term 


100% concentrate 
semi ad lib grass 
silaqe 


70 % concentrate 
25 % chicory roots 


70 % concentrate 
25 % chicory roots 
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2Tm , 'T n WOrm bUrdeniSD °' a ~" — A ««m> In groups of 

^««rilr aPart> ° nCS «"* 2000 * —99- The age Che 
liens, are 13 and 2 weeks, respectively. 




Example 4 

ptartLT"'"!!! *" ^ " 81,896 ^ (b,Mca -) «->»• on 

boar-taint in cooked pork 
Sensory characteristics 

Analytical chemists engaged in elucidating boar-taint require clearly defined termi- 
nology to descrtbe the sensory chamctertsttts that consKute JLZ « "n 

a rirr a **^ r ■*"■"-»"• of *. 

the further eiucdabon of sensory boar-tain. pension and its level of negative ef- 
^ consumer accept o, port. (Bonneau e, a... 200* Dljksterttuls e, a... 
2000 . Sensory prof**, a method by which a pane, uses a developed sensory vo 

ut*sed ,n the present research (ISO, 1905; ISO, 1994; MeilgaanA et al 1999- 

IT IT ^ r" 6 " pra,i,s is a ~- map - - ~£ 

cal/,nst™men.ai measuremems In the explanation and eiuckfation of undenyino 
sensory and chemical relationships. unoenymg 
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scnp„ve senscy vocabula* was developed with an expert sZTlT* Z 
Meat preparation 

« one onoJ r^ltSS ^ ~ - — 

female were no. ane,ysed). ^ " * eXamP ' e 2 ' aHhol * h 11,8 

cm). Plastic packaging film was used In the makln„o..h. - 

their shape prior to vacuum baogino pit! ° ^ ,0 he ' P maintain 

Plastic «m wrapping and^c^T ^ rem ° Ved ' r ° m ** 

h— -n. PaCked ,n «W Impermeable plastic laminate 

bag.. The vacuum-pacKed pa«es were then he™ a, -30=0 and s,ored ,or up to a 

Prior to heat treatment, all patties were placed in a . 

temperature o, befcveen ,e and ^ had b^ re Z d Su5 7 ^ * ^ 

removed .rem their piastic vacuum bags and^Z^ T*"* ^ 

a* ana oaten cooked in convection ovens set 
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to 150°C. The ovens utilised were detwmfnon h« 

throughout the heat uJZ . ! ' ^ temperature monitored 

«-*" «~ a» paftie batches was found to vaiy ^ ?8 ^ 
cooking thesantples were coded to S'C ,„ oxygen lmpemieable ^ e 

bags for a shod period (10 . 1S m *> ^ to mheat . pg ^ J^*"" 

To prcpare me sampies for descnpfive vocabulaIy development and sens0JV profl , 

packaged », piastre iam.nate bags! Thaae were pfeced in a atee. tray Med with wattr 

it: r er r • fot ^ ,he ,ray - *~ *> * ~ ~ 

140 C for „ m ,„. The mean eenang tempers o, the vacuum packed aa.p.ea 
Sensory measurements 

2001a). The pa™, was racruited from the p ublio and sftld6Ms ,/ ^ 

was earned out ,n the sensory laboratory at the University which fulfil* »™,J ™ 
~0 to fire international efondants (ASTM, 1986; 

v e oyrne et al., 2001a). Each of the final list of terms was define h» « 
prance materia, and temts wera dMded info their mode ZZ~l< 
i.a. odours, tastes. Ilavoura and aftertastes (Table 11). assessment, 
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Table 11 

ti£ S P** for the eva.ua- 

ffi^^^ denved fr ° m mate "".mate 

Odour — Definitions and ref erence materials*" 

— Odour associated with: " "' 



1 S°utfon PO,1< C ° ntalning boar-talnt/dilute skatole " 



Taste 



oven cooked pork meat with ,n 0 .,^ hrm , rninr , ■ 
warmed h^gd n.l/l, nsee ri nil h aC0 H 5 



Flavour 

iu. figgy/Animaly-F 



Aromatic taste sensation associated with 
| SEn ~™"9 boar-taint/diluted skatole 

rggg^SHighat e^aig/i solution irTv^teT 
cooked oa me meat/wiirt hr,*r — 



19. White pep. 

20. Porkfat-F 

Aftertaste 



3r-F 



O = Odour, -F 



26. Acceptibility I hrM arvSA „. . , . 

»'*»"r to nrn -niV if rrns indfcateS '"^■f^ P le d ° Y "" find ^ samp le? 
Flavour.-T = Tasted -AT = AfteSlte * asse ^"< *>y Panellists; -O = CW -r = 

nST S in " ^ deViSedt ° — P~ could recognise c.ear, y the sensory 
Definitions of sensory terms as denved during vocabulary development. 
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A sensory profile was developed for the pork patties for eaoh of the 4 feeding 
treatments using the same 8-member paid pane, as utilised in vocabulary 
development. The sample set presented at the profiling study contained the four 
treatments. This sample set (4) was assessed by each of the 8 panel assessors 4 
tone., as replicates (4,8,4) = 128 'objects' in the profile data set for each of the 
25 sensory descriptors. Each replicate was presented on each of 4 days to each 
panellist, 4 samples per day. In all 4 days of panel sessions of 1.5 hr each were 
earned out in the development of the profile. Presentation to individual panellists on 
each day of profiling was in a randomised order. However, the full range of storage 
days and feeding treatments was included on each day. 

Quantitative data was collected using the FIZZ Network data acquisition software 
(BIOSYSTEMS. Couternon. France). Unstructured line scales of 15 cm anchored on 
the left side by the term 'none' and on the right side by the term 'extreme' were used 
for the scoring of each sensory term (Meilgaard et al., 1999). 

All multivariate analyses were performed using the Unscrambler Software, Version 
7.5 (CAMO ASA, Trondheim, Norway). In PCA analysis, data were analysed 
centred with full cross-validation. 



Results 



Mulfivariate Principal Component Analysis was used to gain a qualitative overview 
of the relationships within the sensory data and the association of the descriptors 
w.th the experimental design variables, i.e. non-bioactive/control, silage, chic- 
ory/silage and chicory feeding. 

A sensory profiling of cooked pork derived from male animals was illustrated by 
Pnncipal Component Analysis (PCA) plot (Figure 5). PCA was found present 2 sig- 
nificant Principal Components (PCs). PCI and PC2 explaining 43 and 33% of the 
explained variation, respectively. 



The general sensory description of the feeding treatments Is shown in Table 
5 of example 2 and Figure 5. 
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1. Non-bioactive control diet /i nno/ - 

Ul aieT I 1 00% organic concentrates)- 

a l yme et al„ 2001b). However, associated with this asoect of the 
samp tes was a high ieve, „ ^ as deMribed by ^JZZZ* 



2. Control + silage: 

Vm, samp.es appear no, as M in relation to TOalin8s8 „ 

conlain a number off-«a«ours i« ~^k„.^ ■ TO ° le * ana 

savours. ,.e. cardboard odour/flavour and linseed oil-like odour. 

a and 4. Comm. + chkaay and control + s,lage -cNcory. respectively: 

TTtese samples are described as having po d< meattness-odour. meeVgemey-tlavour 

sp-cy-aftedasfe, he*y-«avour. sour-faste, bitte,tas,e. asmngen.-ane^e Z1" 

ZTT^T n ° ^ — *~Xe no^ 

bioacbve d,et Also 'pleasant- herby and spioy characteristics a re present 

Overs., feed 3. Control ♦ ohioory „ as perc elved as the mos , 
sensooicbe ra c te „s,icere ta Uve tottl eo,her<eedin 3 beam,en i r 

rf^rih w k o, >' and ^ ne 9 ative, y correlated to boar-taint as 

urTs) y "*" - b0a " ,aim ,rom a —y P^eosve <F>g- 

mZZZZ ° 0nW ' ee * 9 ,rea,men, is * e moa ^ fain,ed - »y 

me saroptesposfcve con.la.ion to , he descriptor Piggy/Anlma^vour and odour 
Control and Silage have many common sensory characteristics, however Sileoe 

izr r i"*™ somewha, * — — *« «— b^Tofiir^ 
~p ( rrr 3011 " nseet, -°" ** even * ^ — ™ ■ 

the samples m me present study. This was most likely related to higher levels of 
unsaturated phosphors in the mea, elevated through eifcge feXC .he 
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silage fed samples had an increased potential for lipid-oxidafon relative to al. other 
feeding treatments (Byrne et al., 2001b). 

Conclusions 

Treatments 3. chicory and 4. silage/chicory are very similar and are much lower in 
boar-ta.nt from a sensory perspective than treatments 1. Non-bioactive and 2 Si- 
lage. Treatment 2. silage also appears to be the most lipid-oxidative of the samples. 

Overall, chicory appears to reduce boar-taint and this clearly noted by the sensory 
panel. 1 

The most important aspect of this is the pane, has indicated that the chicory effect 
on reducing boar-taint results in acceptable fresh pork meat from a sensory per- 
spective. K 

The main point of course being that chicory having clearly reduced boar-taint from a 
sensory perception perspective did not lead to the imparting of other off-flavours in 
the freshly cooked meat of the chicory fed samples. 

The non-bioactive control fed pigs were found to have a higher level of boar-taint as 
descnbed by the term Piggy/Animaly-odour and flavour relative to the pigs fed chic- 
ory. Thus, the chicory fed pigs had a more acceptable sensory character than the 
P-gs feed non-bioactive control from a 'consumer' perspective, in relation to boar- 
taint. 
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Claims 



A method for reducing taint in animate, said method comprising feeding to a 
male animal a chicory root product during at least two days prior to slaughtering 
the animal. * 



2. The method of claim 1, wherein the chicory root product is fed to the animal for 
at least one week, for example at least 1.5 weeks, such as at least 2 weeks 
preferably at least 3 weeks, such as at least 4 weeks, for example at least 5 
weeks, such as at least 6 weeks, for example at least 7 weeks, such as at least 
8 weeks, for example at least 9 weeks, such as at least 10 weeks, for example 
at least 15 weeks, such as at least 20 weeks. 

3. The method of claim 1-2, wherein the chicory root product is fed to the animal 
substantially until slaughter. 1 • 

4. The method according to any of the preceding claims, wherein the chicory root 
product is fed to the animal daily. 

5. The method of claim 4, wherein the chicory root product is fed to the animal 
several times daily, such as 2 times, 3 times, 4 times. 5 times, or more than 5 
times. . ;. 

6. The method according to any of the 'preceding claims, wherein the chicory root 
product part of the ration of the animal is at least 5 % on a daily energy basis. 



7. The method of claim 6, wherein the chicory root product part of the ration of the 
animal is at least 10 % on a daily energy basis. 

8. The method of claim 6, wherein the chicory root part comprises at least 15 % of 
the ration, more preferably at least 20%, more preferably at least 25%, more 
preferably at least 30 %, for example at least 35%. such as at least 40% for 
example at least 50%, such as at least 60%, for example at .east 75%, such as 
at least 90%, for example substantially 100%. 



P 738 DK01 

66 



9 ' iTnr l ° ^ ° f ^ PreCedin9 dalmS ' Wherei " *• - a 

ruminant, such as cow. sheep, goat, buffalo. 

10. The method according to any of the preceding Cairns 1 to 8, wherein the anima. 
•s a monogastric species, such as horse, pig. poultry, dog, and cat. 

11. The method according to claim 10. wherein the monogastric species is a pig. 

12. The method according to claim 11. wherein the pig | s a male pig. 

13. The method according to claim 12. wherein the pig is an entire male pig. 

14. The method according to claim 11-13, wherein weight of the pig is from 25 to 
300 kg, preferably as from 55 to 160 kg. • 

15. The method according to any of the 'preceding claims, wherein the species of 
Chicory is Cichorium intybus L. ' 

16. The method according to any of the preceding claims, wherein the chicory roots 

zt^tt more preferab,y at ,east 1 ° % **• — p-**» - 

least 15 /o mul,n. more preferably at least'20 % inulin. such as at least 25% 
inulin, for example at least 30 % inulin. 

17. The method according to any of the preceding claims, wherein the chicory roots 

.Tsnsy fos 5% FOS ' ""^ k ' east 10% FOS ' more - 

east 15 ft FOS, more preferably at least 20 % FOS, such as at least 25% FOS 
for example at least 30 % FOS. 

18. -n» method accord** ,„ any „, „ ^ dalms , ^ 

^L7Tr: 811396 ^ * SUCh aS a «*«• l—l of 

essentially whole chicory roots. • 1 

19 ' Ir« e,h0d aMOrding '° °' ^ PreCedin9 **"»• wherel " *e «*»y root 
product compnses a fermented product of chicory roots. 
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20. The method according to any of the preceding claims, wherein the chicory root 
product compnses a dried product of chicory roots, such as a dried product of 
essentially whole chicory roots. 

21. The method according to any of the preceding claims, wherein the chicory root 
product is a disintegrated product, such as a powder, flakes. pu.p, siices. flour, 

22. The method according to any of the preceding claims, wherein the chicory root 
product comprises fresh chicory roots. 

23. The method according to any of the preceding claims, wherein the chicory root 
product comprises a fraction and/or an extract of chicory roots. 

» • . 

24. The method according to claim 23. wherein the fraction and/or extract comprises 
an ,nu.in fraction and a low molecular weight fraction comprising coumarins 
and/or sesquiterpenes. 

25 A method for reducing the skatole content in animals, said method comprising 
feeding to a anima. a chicory root product for at least two days prior to 
slaughtering. v 

26. The method of claim 25. wherein the skatole content of blood is reduced by at 
'east 25%, more preferably at least 40%. "more preferably at least 50%, more 
preferably at least 75%. more preferably at least 80%, more preferably at least 
90/,, more preferably at least 95%. more preferab.y at least 98%, more 
preferably to substantially 0. 

27. The method of olaim 25. wherein the skatote content of blood and/or baokfat Is 
reduced to below the human sensory threshold. 

28. The method of olalm 25. wherein the skatole content of backfal is reduced by a. 

T Pref6rat " y * ,eaS ' 4W - ^ PrS,6rabl >' al tea * 50". <™> 
preferably a, least 75%, more preferably at least 80%. more preferabfy at least 
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90%, more preferably at least 95%, more preferably at least 98%. more 
preferably to substantially o. 

29. The method of claim 25-28, further including the features of claim 2 to 24. 

30. A method for reducing the androstenone content in meat and/or fat and/or blood 
said method comprising feeding to an animal a chicory root product for at least 
two days. 

31. The method of claim 30, wherein the androstenone content is reduced by at 
least 10%. more preferably at least 25%, more preferably at least 40%, more 
preferably at least 50%. more preferably at least 75%. more preferably at least 
80%. more preferably at least 90%, more preferably at least 95%. more 
preferably at least 98%. 

32. The method of claim 30-31 , wherein the androstenone content in meat and/or fat 
is reduced to below the human sensory threshold. 

33. The method of claim 30-32, wherein the animal is subsequently slaughtered. 

34. The method of claim 30-33, further including the features of claim 2 to 24. 

35. A method for improving the sensory characteristics comprising odour, flavour, 
taste and/or aftertaste of meat from a human sensory perspective, said method 
comprising feeding to an animal a chicory root product for at least two days prior 
to slaughter. 

36. The method of claim 35, wherein the improvement of sensory characteristics is a 
reduction of boar taint comprising- reducing Piggy/Animaly-odour and/or 
Piggy/Animaly-flavour to an acceptable level from a human sensory perspective. 

37. The method of claim 35, wherein the improvement of sensory characteristics is a 
reduction of boar taint comprising increasing acceptable sensory characteristics 
selected from the group of sour-taste, bitter-taste, pork meatiness-odour, 
astringent-taste, metallic-flavour and Fresh sour/lactic-flavour. 
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38. The method of clam, as. ^reln the improvement or sense* cherac.eris.lce 
«>mpnses reduce of sensory cha-actedsflcs seleaed flj „ 
Psgy/An.me.y-odour. MeatrGemerodour.' CerdboenJ^cd^, Unse J oB . 
odour, Sweet-taste. SeiMas... P,ggy,Anima.y- fl avour. Cooked ham-flavour 

pr "TT " to * , " Ur - C "*"" MI "«. Popper-flavour 

^nl^ h^. LaC "^ reS ' , "•"*■«-* nee. aftertaste. 

Chem.cal/medK.na^ftenes.e. Fatty moulh coattng-eftertasle. UnacceptabilKy. 

39. The method of claim 35. where* me Impnovemen. of sense* cheradertsflcs 
compnses ,ncreasln9 of sensory characterise.* selected from the group of 
Fresh cooked pork meet Hke^dour. Sour-taste. Bitter-tasle. Metaiiic-flavour' 
MeatrGamey-flavour. Herby-flavour. Spicy-flevour. LaoflcnVesh eour-flevour 
Astringent-aftertaste, Acceptability. 

40. The method of claim 35-39, further including the features of claim 2 to 24. 

41 A method for reducing malodour in the environment, said method comprising 
feedmg a chicory root product to animals for at least two days. 

s 

42. The method according to claim 41. wherein the reduction is caused by a relative 
reduce in skatole and/or p-creso.e and/or indole in the gastrointestina. tract. 

43. The method according ,o Cairn 41-42. wheraln the raduclion is caused by a 
ralattve increase in the amoun. of 2-pentanon and/or elhyibutyrate and/or 
propylprop,onete end/or prapybutyrate andtor butanolc aCd 2w™tt,yl^ hy ,es,er 
in the gastrointestinal tract. 

44 ' TStT, aCC ° rdin9 '° "** ^ "» 18 a »* as 

cattle, buffalo, sheep, goat. 

45.The^en,od ecoording to cfcim 41-43. wherein ihe animal is a monogasWc 
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46. The method of claim 45, wherein the monogastric animal is a furred animal, 
such as mink, fox, muskrat, rabbit, hare, wolf. 

47. The method of claim 45, wherein the monogastric animal Is an animal used for 
meat, such as pig, poultry, rabbit, hare, more preferably wherein the 
monogastric animal is a pig. 

48. The method according to any of the preceding claims 41 to 47, wherein the 
malodour is stable malodour and the animal is kept in a stable. 

49. The method according to claim 48, wherein the animal is kept in the stable for at 
least 8 hours a day. 

50. The method according to any of the preceding claims 41 to 49, wherein the 
malodour is manure malodour and the manure originates from animals fed with 
the chicory root product. 

51. The method of claim 41 to 50, further including the features of claim 2 to 24. 

52. A method for reducing the amount of infections of the gastrointestinal tract in a 
non-human animal, said method comprising feeding to a non-human animal a 
chicory root product for at least two days. 

53. The method of claim 52, wherein the infections are parasites. 

54. The method of claim 53, wherein the parasites are worms. 

55. The method of claim 53, wherein the reduction is a reduction of the number of 
eggs in the animal faeces. 

56. The method of claim 52, wherein the infections are microbiological infections 
selected from Coli, Salmonella, Campylobacter and Yersinia 

57. The method of claim 54. wherein the infections are worms selected from Ascaris 
suum. Oesophagostomum dentatum, Oesophagostomum quadrispinulatum. 
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oZTrT" bFeViCaUdUm ' Oeso Phagostomum g „ natensiSt 
Oesopnagostomum geo&anun,, Hyostrongylus rubtous. Trionoris suis. and 
Strongyloses ransomi and Trichinella spp. 

58. The method of claim 52 to 57, further Including the features of claim 2 to 24. 

59. Use of chicory roots as a feed product for "grown up" (» 7 weeks) pigs. 

60. Use of chicory roots for preparing a feed product for "grown up" pigs. 

61. Use of chicory roots for preparing a product for the prevention of boar taint. 

62. Use of chicory roots for preparing a product for reduction of skatole content in 
pigs, in particular in boar fat. 

63. Use of chicory roots for preparing a product for reduction of androstenone in 
pigs, -.1 

64. Use of chicory roots for preparing a product for reduction or prevention of 
gastrointestinal tract infections in pigs. 



65. The use according to claim 59-64 further including the features of 



claim 2-24. 



66. Use of a method for reducing taint in animals, said method comprising feeding to 
a male animal a chicory root product during at least two days prior to 
slaughtering the animal. 

67. The use of the method of claim 65, furtherihcluding the features of claim 2-55. 
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